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GEOGRAPHY AS A SCIENCE IN ENGLAND.
By Hugh Egbert Mill, D.Sc.

GEOGRAPHY, as a science, has not flourished in

Great Britain. Men may be found in our Univer-

sities and learned Societies who sneer at the

pretensions of geography to scientific ranli ; and,

when the phrase " Principles of Geography " has

been employed, cultured professors have smiled at it as at

a paradox. " Geography," remarked a classical scholar to

me not long ago, " if a science, is of no educational value
;

there is only one science which is possibly more barren

and profitless to the student—the science of heraldry.'

The claims of geography as an element in education

are, however, being ably urged by powerful voices, and,

if not yet fully realised, they are likely to be widely

conceded before many years go by. With geography in

education I propose to have nothing here to do, except,

it may be, incidentally ; for in proportion as geography
attains recognition in University education will the special

subject of this article gain importance and compel attention.

Geography as a science is not respected because it

is not imderstood ; and the ground of the misunder-
standing, in some cases at least, is that " a science

"

is not uncommonly looked upon as a department of

specialised knowledge. Starting with this idea, it is

perfectly logical for an objector to say that the ground
claimed for geography is covered by the sciences of

astronomy, geodesy, geology, oceanography, meteorology,
botany, zoology, history, and anthropology—if, as is not
likely, he allows that the last-named are sciences—and
to declare that there is no room for the '• science of

geography." I contend that the departments of natural

knowledge cannot be so "clean cut from out and olf the
illimitable " as to admit of their being arranged side by
side to cover the field of nature like a tesselated pavement.

Each one is, to a greater or less extent, permeated by

those surroimding, and permeates them in turn : the

astronomer is not independent of the chemist nor the

meteorologist of the astronomer. If sciences are to be

viewed as tesserce, the " sciences " as at present familiarly

classified must be analysed into units of profound special-

ism, each of which may be a single and independent

study, and may be utilised, differently combined, in neigh-

bouring " sciences."

We may, then, view " a science " as composed of a group

of specialisations, a molecule compounded of atoms, so that

the same atoms of ultimate specialisation may be combined
successively in different molecular generalisations. Another

step carries us to the recognition of sciences of higher

generalisation, in which the units are the "molecular"
sciences themselves, combined and subordinated to a new
yet special purpose. It is easy enough to recognise physics

as capable of analysis into mathematics and the sciences

of matter and energy—heat, light, electricity, and so on
;

yet he would be accounted a student of little perception

who should deny the claim of physics to be a science

because the ground is already covered with heat, light, and

the rest. It is only in unfamiliar paths that scientific men
" cannot see the wood for trees."

My claim is that geography as a science is so far akin

to physics that it is a generalisation of the second order, a

natural grouping of units which are individually distinct.

The physicist looks on nature in the universal aspects of

matter and energy ; the geographer looks on nature in the

limited, but still general, aspect of the surface of the earth.

Geography as a science is the exact and organised know-

ledge of the distribution of phenomena on the surface of

the earth. This involves the human race ; and because the

human race represents the culmination of organic evolution,

the true understanding of the interaction of man with his

terrestrial environment is the final object of geography.

The materials for building up the final generalising science

fit to fulfil such an aim are yet far from complete ; but

they are already outlined with sufficient clearness to allow

of progress being made in the general study. Incomplete-

ness of data is the best incentive to progress and the

surest guarantee of substantial advance.

Chemistry was a science even in the days when the

professor spoke profoundly of cakes and phlogiston ; and
it was precisely because he generalised his scanty data,

and strove to verify his generaUsations by renewed obser-

vations, that the era of oxygen ushered in the atomic

theory with a brilliance that has shrined the fame of

chemistry as science p<ir iwcellfnci- in many a humble mind
to-day. Yet, before the atomic theory and the periodic

law existed to unify the early facts, these had been studied

and the principles connecting them groped for. In the

time of this groping, chemistry was not the educational

machine it has since become, and the products of its study

were, for many years, rather amusing experiments than
industrial advances. That incomplete data do not retard

the growth of theory is proved by modern chemistry, which
started from a knowledge of the elements of air ; but

although argon eluded Cavendish the growth of chemistry

was unchecked, and the advancing theory ultimately

suggested elements the discovery of which could hardly

have been imagmed otherwise. In other words, the facts

and the theory of a science assist each other, and are best

developed simultaneously.

Geography, if properly studied and allowed its natural

growth as a science, is now, in the opinion of geographers,

as sure to grow and to lead to theoretical generalisations

and applications of economic values as chemistiy was in

the days of Davy.
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I have already on several occasions cmloavoureii to k'vo
expresaion to my views of the content of geography as a
science/'' and need only quote here the opinion that the
ultimate aim of geoj,'raphy is " the elucidation of the earth
viewed as the present expression of a dolinite evolution, in

which every part is subordinated to the production of a
suitable homo and sphere of iullucncc for civilised man."
The way to attain this end is obviously to proceed toward
the completion of our l<nowledgo of all the phenomena the
inti>raftion of which is in question, aided by such prin-

ciples and relationships as can be deduced from what is

already known.
'i'he astronomer, geologist, ocoanoLjraphor, meteorologist,

botanist, zoologist, anthropologist, and historian are all

laid under contribution in dilTerent and varying degree to

supply the building material for the geographer to combine,
according to his special view-point, into a generalised

science, capable of endless application to the sciences

which helped to form it, and to the affairs of daily life. A
large part may be taken in advancing a science without the
individual specialists realising the full import of their

contributions, and comparatively few great travellers and
explorers were consciously geographers. In considering

the position of scientific geography it is convenient to

distinguish between detailed exploration and research

recorded for convenience by various adaptations of carto-

graphic art, and the discussion and co-ordination of the

relations which exist between the various special elements;

to distinguish, in fact, between the collection and the

interpretation of fi'cts.

It would be absurd in these days of international con-

gresses to speak of any science as being the province of

any nation or class, yet there is an intlueuce of race and
language upon thought which, however imperfectly it may
be understood, is not to be ignored in any science. People
of different race work by different methods and pursue
different ideals ; and it will probably be found that the nation

in which any science has developed most rapidly in its

adolescent period strongly impresses its particular indi-

viduality upon the science, although the impress may
subsequently be obscured as contributions accumulate
from other sources.

In some languages—German, for instance—it is easier

to make and use new terms for new ideas than it is in

English. And in its present period of rapid growth
geography as a science seems likely to be very largely, if

not mainly, advanced by German generalisers, just as

chemistry at a similar period in its history was advanced
by French specialists. Our chemical terminology was
originally a direct transference of the French words, modified
according to natural and simple rules. Our geographical
terminology may very likely show the German stamp,
although it is as yet in an unorganised and rudimentary
condition, needing much careful weeding and cultivation

to make it a lit medium for conveying the ideas of the
science. The terms of mathematical geography are for

the most part Latin or Greek in origin, but new terms for

descriptive purposes are spreading rapidly from the C! erman
into all modern languages. For example, the opposite idea

to watershed—itself a Teutonic form-—is only expressed by
Thiilii;,/, which denotes the line of the meeting of waters
from converging slopes. JJinterliiml has also been natural-

ized, directly to express concisely an idea for which the

only possible English expression involves several words.
Geography suffers from the want of terms, and in America

* See •'The Realm of Nature" (London : John Murray) ; also " Tlie
Principles of Geography" in the Scottish Oeoijraphical Magazine ior

Ft'bruiiry, 1892 ; and " The Croogrjipliical ^\'ork of the Future " in tlio

same journal for February, 1895.

many are being introduced from Greek, Latin, and inongi'sl

sources, some of which will survive. The language which
lends itself to self-explanatory terms which every speaker
of it understands at the first hearing, such as IliihUnlmnde

and Sirnkunilc, must always have an advantage as a vehicle

for rapid interchange of new thought over one which is

obliged to fall back on alien origins for SjiiliraliKii/ and
l.iiii)iiiliii/i/, which even specialists require to ponder over

before they realize that they mean t'ave-knowledge and
Lake-knowledge.

It will probably be disputed by few that the greatest

explorers for the last two hundred years have been
British, while the greatest geographers, in the sense of

scientific generalisers, have been German. This can be
said without in any way detracting from the brilliant

explorations which from time to time have been carried

out, and the important generalisations that have been
arrived at by people of every civilised nation. But in

geography the aptitude of British workers has been
towards the collection, and not the discussion, of facts.

One may search long for notices of theoretical geography
in such memoirs as Mr. Clements Markham's " Fifty

Years' Work of the Royal Geographical Society," or

the " Review of British Geographical Work during the

Last Hundred ^'ears (1789-lHHl)j," prepared by him and
Mr. Scott Keltie for the Paris Exhibition of 1889 ; or in

Mr. Silva White's '• Achievements of Scotsmen during

the Nineteenth Century in the Fields of Geographical
Exploration and Research," prepared for the same
occasion. But these compendia record the accumulation
of geographical data from every part of the earth as

yet accessible to man, a mass of solid work it does one
good to think of. No maps rival those of the Ordnance
Survey of the United Kingdom either for accuracy of

survey or beauty of execution ; no charts show so fully

the configuration of the sea-bed round every coast in the

world as those of the British Admiralty ; the Great Trigo-

nometrical Survey of India is a work of unparalleled

grandeur. It would be endless to dwell upon the doings of

British travellers in every continent and o\er every sea

which have resulted in thousands of conscientious observa-

tions of astronomically fixed positions, and information

of every sort which a traveller can possibly accumulate.

The frozen seas of the North and the South have been
penetrated farther and more frequently by British keels

than by those of any other nation. The circumnaviga-

tions of Cook and of his followers in British surveying

ships, the epoch-making voyage of the Bcinjlc, and the

culminating glory of the ChalUiujer expedition are all just

sources of national pride, and each was the occasion of

garnering vast harvests of geographical facts. So far as the

utilisation and interpretation of these facts are concerned,

foreign nations have come before us. We have supplied

them with the raw material ; they return us the elaborated

article stamped with the mark of Continental thought.

The English language is rich in the records of voyages

;

and the collections of early travels prepared by Hakluyt
and Purchas show that bent toward the treatment

of geography as exploration which has come to be

distinctive of our modern work, contrasting with the

typically French conception of geography as history and
polities, and the German academic treatment of the theme.

In the eighteenth century the Royal Society was fre-

quently concerned with geographical questions, and its

great president. Sir Joseph Banks, the companion of

Captain James Cook, might, but for the multifarious

interests of his active mind, have rivalled Humboldt
as an interpreter as well as an investigator of geogra-

phical phenomena. His contemporary, Rennell, whom
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Mr. Markham bails as the greatest English geographer,

did much to bring the methods of scientific criticism to

bear on the discussion of the observations of travellers
;

and from his own early training in the practical work of

surveying, his theorising was sobered by a knowledge of the

limitations of methods of observation and delineation.

Rennell foimd no successor to continue his masterly

handling of the divers strands of geographical science.

Men like Eawlinson, Bunbury, Yule, and Freeman followed

him in researches into ancient and Oriental geography,

piecing together the broken records of past knowledge in

the hght of geographical principles. Men like Arrowsmith

and A. Keith Johnston raised practical cartography to the

highest level it ever reached in this country ; and the

Ordnance Survey of the United Kingdom slowly produced

the finest map which has ever been completed.

The Royal Geographical Society and the British Associa-

tion, originating almost at the same time, have done much
to advance and popularise geography in many forms ; but

even the former, despite great efiforts from time to time by
the inauguration of valuable lectures on scientific geography

by specialists in different departments, has failed to ensure

the continuous and systematic pursuit of geographical

science. The disquieting feature, from a national point of

view, is that our original part of pioneer exploration is

almost played out. The Polar areas remain the only

unexplored territories. Science must now La large measure
take the place of mere pluck ; the work of the explorer is

giving way to that of the trained investigator, and the popu-

lar task of recording explorations must continue to give

way to the more exacting labour of discussing investigations.

It is in this direction that the great advances of geography

in the immediate future will have to be made.

An illustration will give point to this statement, and show
how much work lies surprisingly near our hands, yet waiting

to be accomplished. If anyone wishes to study the geo-

graphy of the British Islands he finds no treatise to guide

him except some small school books, a few popular and un-

systematic compilations of more size than substance, guide

books designed for the sightseer, and gazetteers of value only

for occasional reference. There is no scientific treatise on the
subject, because no one has yet attempted to apply scientific

geographical methods to the treatment of the abundant
(though by no means complete) raw materials which have

been collected, and maybe unearthed by thediligentstudent.

The materials available are : — (1) The Ordnance Survey

maps showing the whole surface of the United Kingdom
on three scales of ample size ; with two difl'erent styles of

delineations of physical features on the smallest and most
convenient scale. (2) The work of the Geological Survey,

which has nearly completed a map of the kingdom showing,

on the topography of the Ordnance Survey, the nature

and structure of the underlying rocks, with evidence of the

utmost value as to the distribution of economic minerals.

(3) The Hydrographic Surveys of the Admiralty round the

coasts, by which the submarine configuration is shown with

great exactness, and the shifting features of moving
sandbanks traced by periodical re-surveys. (4) The Census,

taken decennially, which shows, lor every registration dis-

trict, a mass of statistics as to the number and nature of

the population, their occupations, origin, and ago. (5) The
statistics of births, marriages, deaths, and migration, which
serve, though as yet imperfectly, to bridge the long gaps
between successive verifications by Census. (6) The Board
of Trade returns as to commerce by sea and land, the

movements of seaports, and the tratlic of railways,

showing how the life-blood of the country circulates

through its arteries. These Government sources may be
supplemented by statistics of climate which have been

accumulated partly by the Meteorological Office, more
largely by the Royal and the Scottish Meteorological

Societies, and by the individual efforts of ilr. Symons for

rainfall.

All of these supply data which are essentially distributional

,

and therefore amenable to the principles of geography for

discussion and co-ordination ; but they are not officially

brought into unison. They remain the separate work of

specialists, and one throws the minimum of light upon
another. The Ordnance Survey, it is true, provides the

topographical outlines on which the geological maps are

constructed, and it supplies to the Census Office the outlines

of the registration districts which accompany the Census
reports. But the Ordnance Survey is itself undescribed.

It exists in mere maps, to be turned over carelessly or

curiously, and passed by, forgotten and unappreciated. It is

only within the last few years that the maps have been com-
pleted by the addition of contom'-lines of submarine slopes

supplied by the Admiralty ; although the Admiralty has

always been indebted for the coast-lines, and such land

features as are shown on the charts, to the Ordnance Survey.

The Admiralty charts are accompanied by official sailing

directions which often go beyond the bare facts necessary for

purposes of navigation, and give interestuig scraps of

information as to the bordering laud. The Geological

Survey also has its memoirs, settaig forth for every sheet

of the map the details which have been ascertained by the

geological surveyors, with theories suggested by the

observations, and now and then a good deal of physical

geography. In a few instances, such as Topley's " Memoir
on the Weald," the work includes a true geographical

treatise, tracing the relations of human institutions to the

physical character of the ground, and explaining village

sites and parish boundaries by reference to the escarp-

ments and dip of the strata. The otiicial Census and lioard

of Trade reports are extremely elaborate, but their treat-

ment is rather statistical than distributional. All the

meteorological data have been treated cartographically

and discussed by the societies collecting them.

Only the Ordnance Survey remains without an official

description. A memoir to the Survey was commenced for

Ireland, but at the commencement it stopped. The data on

the various sheets of the map are discussed nowhere, and the

scores of interesting featm-es whichappearhave only received

passing notice from chance geologists. I should like to

see, and would gladly help to make, a handbook or des-

criptive pamphlet of every sheet of the one-inch map. This

should show the relation of the 216 square miles (432 square

miles for the Scottish map) comprised in it, to the great

natural features of the comitry, and then go on to describe

the special features of the sheet. It would state the area

between the various intervals of altitude, describe the river

systems with their associated lakesiif any), and the structure

of the valleys, the lines of communication, roads, railways,

or canals, with the reasons for them. The sites of towns and

villages would be treated so as to throwlight on their origin

;

the distribution of scattered farms, country houses, and

cottages would be handled so as to explain the distribution

of population. County and parish boundaries would be dis-

cussed historically, so far as the vanishing evidence admits, in

order to account for the eccentricities of outline and detached

areas. The place names would be considered philologically,

and grouped so as to throw light on early movements.

No such description could be complete without introducing

explanatory ficts drawn from the geological, meteorological,

and statistical memoirs available ; and, in many instances,

historical events which are inextricably linked with the

locality woukl be introduced. These would, however, be

strictly subordmatod in the plan, and nothing should be
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admitted in the description which did not directly throw
light on the structuio of the country, or which was not

a direct ontconio of the action of gcogvajihical conditions.

Great engineering works which have changed tlio natural

lines of communication of a district would of course bo

noticed, as well as the economic resources of the country.

The whole would conclude with an aljiliabotical index

containing every name on the sheet, with the latitude,

longitude, and elevation of all important points.

This would form, if properly carried out, the greatest

geographical work of the coming century, and would be

completed by a discussion according to natural districts,

such as Wales, the Pennine Chain, the Lake District, the

Weald, the Fens. Afterwards these could bo digested into

an raithoritative geography of the whole country, written

w-ith a perfect unity of plan and aim, and embodying the

practical application of the principles of geography.
The preparation of such an ideal work would involve a

great amount of geographical research, and would afford

an opportunity for founding a school of British geographers,

who would study their science practically and at first hand.

The conditions of all research are the same. Abstraction

on the part of the worker from all but the one aim being

pursued is essential, and adequate training in the methods
to be employed is necessary before beginning permanent
work. These conditions are inconsistent with earning a

living by doing work which is demanded by the public.

The pulilic does not yet realise either the value or the

essential conditions of research. Practically, only a

University professorship, in which research is the main
object and lecturing is subordinate, would meet the case,

unless a man of private means took the matter up, or it were
undertaken under Government. Such work, to be efficient,

would require to be steady, continuous, and unfettered.

The results could not be sensational, and, very probably,

would not be popularly appreciated ; but participation in

such research would be a noble training for students who
do not desire to become specialists, for no educative

influence is so powerful as personal association with a

professor engaged enthusiastically in scientific work
involving research in which every student may help.

I have enlarged upon a single instance, not because it is

the only one that might be adduced, but because it may
serve to suggest to those who have not thought of the
matter before what sort of science geography is, what it

may become, and how the impress of British thought may
yet accompany the record of British work in the scientific

literature of all nations.

THE GREAT RED SPOT ON JUPITER.
By E. Walter Maunder, F.E.A.S.

OF
all our planetary neighbours, Jupiter, the easiest
to study, offers us the most numerous problems.
First of all comes the striking contrast between
its enormous mass and low density

; next, there
is the difficulty of understanding how its atmo-

sphere can have thegreatdepth which it evidently possesses
without the lower layers becoming compressed to more
than metallic density

; thirdly, the great variety in the
rotation period of the different markings of the planet

;

fourthly, the continual changes which the details of the
apparent surface present ; fifthly, a certain strong per-
sistency about the planet's appearance as a whole; and
lastly, summing in itself every variety of enigma, there is
the great red spot.

Its history is sufficiently well known. Public attention
here in England was first drawn to it by Mr. V. C. Dennett,

who stated in the Fvqiish 'Mechanic of November 22iid,

1878, that ho had then had it under observation for fully

four months. But other observers had had it in view long
before this notice appeared. M. Niesten, at Brussels;

Prof. Pritchett, at Glasgow, Missouri, U.S. A; M.Trouvelot,

at Cambridge, Mass. ; the observers at the Dun Echt
Observatory ; Herr Tempel, at Arcctri ; and others also had
been attracted by it during the summer of 187H. The
next year it was the subject of general attention amongst
astronomers, and not without reason. Its deep colour—

a

strong brick-red—its great size, its well-marked outline and
definite shape, made it a most attractive object. Here
there was something relatively stable and permanent

;

something more substantial than the weird succession of

beautiful but evanescent cloud-forms which follow each
other so swiftly across the Jo\ian disc. This was just what
had been wanting to Jupiter before. The charm of variety

had always been his ; there had been also a certain stability

about the arrangement of his belts ; and his detailed

markings had been formed after a few distinct types : but

there had been nothing of such strongly marked
individuality of character and such persistence of life till

the red spot appeared.

The first question which its discovery aroused was,
" Has it been seen before?" Clearly it had not been so

conspicuous before, but a fair amount of evidence was
forthcoming that, for eight or nine years prior to 1878, the

spot had been seen occasionally. Thus, Mr. H. C.

Kussell, at Sydney, observed what appears to have been
the spot in 1876 ; Mr. Terby and Mr. Corder represented

a similarly placed but smaller spot in 1872 ; and in 18G9
and the following year Mr. Gledhill remarked in the same
latitude, not, indeed, the red spot as such, but a hollow
ellipse, not unlike the aspect it was destined to wear some
fifteen years later, during the progress of its fading from
its greatest distinctness.

There may have also been earlier records, but from 1878
to the present time it has been under observation at each
succeeding opposition ; and certainly the impression it

then produced upon the most experienced observers of the

planet was that it was quite a new order of feature. We
may take it, then, as practically a new object in 1878 ; new,
at all events, as to its definiteness.

That definiteness it did not long retain. In the succeed-

ing oppositions it showed itself as continually growing
paler and paler. Its outline remained much the same,
but the interior of the spot appeared filled with white
material, or the white cloud formed above it. By the end
of May, 1883, only the faintest, feeblest ghost of the spot

remained, and observers feared it was lost to them. It re-

appeared, however, during the next opposition, though still

very faint, and it has undergone some minor fluctuations

in brightness since. In 1891, for instance, it presented
again the appearance of an elliptical ring, the interior

being lighter and whiter than the margin. But it was
now quite different from Gledhill's oval of twenty-one
years earlier, the dark margin being broad and dense
and the white interior small. The following year it was
very faint—the preceding end especially so—and the
neighbouring belt interfered with its southern border.

We have therefore had the great red spot with us for

certainly seventeen and a half years ; and it is probable

that it existed, but in a less conspicuous form than in

1878, for quite nine years before. During this time its

colour and its distinctness have altered much, but its size

and shape little.

That a marking of area fully equal to three-fourths that
of the surface of the entire earth should continue practically

unchanged in size or shape for seventeen years on such a
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From a Coloiuvd Drawing by Mr. N. E. Grkex, F.R.A.S.
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world as Jupiter is a suflSciently striking circumstance,
and led at once to the suggestion that here we had a
glimpse of the real solid surface of Jupiter. But the
observations of three most careful and acute observers

—

Mr. Denning, Mr. Stanley 'Williams, and Prof. Hough

—

combined to prove that the red spot had a most remarkable
peculiarity : it changed its rate of rotation.

The foUowing table by Mr. Denning {Xature, September
3rd, 1891, vol. sliv., p. 439) speaks for itself:—

Rotation Pkkiods of the Gbeai Red Spot.

Limiting Dates.



6 KNOWLEDGE [January 1,18.

year as a grey mark, which became red in April, and con-
tinued visible till Jimo. The southern edge of the south
belt was also very red at times, mm-h more so than the
great spot, so that there was a tendency to become red in

various portions of the southern hemisphere. The round
dark mark near the equator is the shadow of the second
satellite. Natu. E. Green.

PERIODICAL COMETS DUE IN 1896.

15y W. T. Lynn, B.A., F.R.A.S.

OF
all the periodical comets wliose orbits are known
with some accuracy, two only arc due to return to
perihelion in ISOC. One of these has been seen
at seven previous returns, all consecutive ; the
other has hitherto been seen at only one appear-

ance, unless a remarkable theory which was then started
should be found on the forthcoming return to have been
founded on fact.

The former of these two comets is that known as Faye's,
because it was first discovered by the veteran astronomer,
M. Fayc, at Paris, on the 22nd of November, in the year
1843. Its orbit was calculated to be a short elhpse, with
a period of about seven and a half years, and it duly
returned to perihehon in 1851, being first seen on that
occasion by Prof. Challis, at Cambridge, on the 28th of
November, 1850. It has also been observed at every
subsequent return, and was last in perihelion on the 20th
of August, 1888. Another retin-n to that position will be
due on the I'.lth of March next, but the comet was nearest
to the earth in October last, and was seen by M. Javelle at
Nice so early as the 2Cth of September, nearly six months
before perihehon passage. This comet is a very faint

object, and has never been visible to the naked eye. Its

orbit is remarkable for its very small eccentricity, which
amounts to only about 0-55. When in perihehon, the
comet never approaches the sun so nearly as the greatest
distance of Mars ; when in aphelion, its distance somewhat
exceeds that of Jupiter, and it was probably the attraction
of that planet which first brought it into our system.
The other comet to which we referred was discovered by

Mr. Brooks, of the Smith Observatory, Geneva, N.Y., on
the 6th of July, 1889. Mr. S. C. Chandler, of Boston,
U.S., showed that it had made a very near approach to
Jupiter three years before, which would have the effect of
greatly changing its orbit. Now, a comet discovered by
Messier, at Paris, more than one hundred and twenty-five
years ago, on the 11th of June, 1770, was calculated by
Lexell to be moving in an elUptic orbit, with a period of
only five and a half years, but failed to put in an
appearance when afterwards due, so that it acquired
the name of Lexell's lost comet. This failure, however,
was explained as arising from violent perturbations
produced by the attraction of Jupiter. The comet had
in fact approached that planet in 1767 within a dis-
tance of only about one-sixtieth part of the radius of
Jupiter's orbit, and this circumstance it was that brought
the comet within view from the earth, which it approached
in 1770 within a distance of little more than seven times
that of the moon. It probably returned to perihelion in
1775 or 1776, but in a position unfavourable for observa-
tion ; and in 1779, before another return was due, it

approached Jupiter even closer than before, coming, indeed,
nearer to that planet than the distance of his fourth or
most distant satellite, and its orbit thus again undergoing
a great alteration. Now, Mr. Chandler thought, fi-om his
calculations, that the comet discovered by Mr. I3rooks in
1889 might be Lexell's comet, brought once more into
visibility from the earth by the attraction of Jupiter in

1886. Dr. C. Lane Poor, however, made a re-investi-

gation of its motions, the result of which was not to

confirm this theory. Mr. lirooks's comet was moving
when discovered in an orl)it with a period of nearly seven
years, so that it will probably come into perihelion again
in the spring or summer of the present year. It is hoped
that it will be possible to obtain observations on that

occasion, by which astronomers will be enabled to come to

a definite decision with regard to the suggested identity

with Lexell's lost comet of 1770. The orbit, as determined
from those made in 1889, is even less eccentric than that

of Faye's comet, and the perihelion distance from the sun
is greater than the mean distances of some of the small
planets, being more than twice as great as that of the

earth. The eccentricity of the orbit amounts to only 04K ;

this is the smallest of any known comet, with the doubtful

exception of one denominated Tempel's first periodical

comet, which was discovered by tlio late M. Tempel at

Marseilles in 1867 and observed at returns in 1873 and 1H79,

but not seen subsequently. It should be added that M.
Schulhof has recently made some calculations which seem
to show that the comet discovered by Prof. Swift in August
last year (and not Brooks's of 1889) was identical with
Lexell's. The period of Swift's comet is about seven and
a-quarter years, but at the next return in 1902 it is likely

to be very unfavourably placed for observation, particularly

in the northern hemisphere, so that we may have long to

w'ait for the decision of this question.

WAVES.-I.
THE "WAVES OF THE OCEAN.

By Vaughan Cornish, M.Sc.

WHEN the lightest zephyr passes over a per-

fectly calm sea the glassy surface remains
unruffled. As Byron wrote :

—

" Winds come wliisporiiig liglitly from the West,
Kir^siiif,', not rullling, the blue clci'p's SLTcno."

A breeze which travels at rather more than half a mile an
hour just ruffles the water, darkening the surface, which
no longer reflects like a mirror ; but if the breeze drops

the wavelets instantly cease and the water resumes its

glassy look. If, on the other hand, the breeze increases

until it has a velocity of about two miles an hour,

permanent waves begin to rise, which increase in sifte as

the wind continues to blow. The form of the waves in a

rising sea is somewhat different from the smoothly sloping

curve of a ground swell, for whilst the waves are rising the

crests are exposed excessively to the force of the wind,

and the troughs are sheltered. The tops of the waves are

consequently driven forward, and break at the crest into

the " white horses " which chase each other across a rising

sea. At first the wind increases the height of the waves
over every part of the sea upon which it blows, but after a

time the waves near the windward shore attain such

dimensions that the power of the wind is only sufficient to

maintain, without increasing, them. Further to leeward

the waves are still increasing, and still show the " white

horses." However long a wind of constant strength may
blow, the height to which it can raise the waves in any
part of the sea is limited, being greater, however, as the

distance from the windward shore increases. This

increase in the size of the waves can readily be explained,

for at any place the sea is raised not c:nly by the force of

the wind there, but also by the energy transmitted from
the leeward waves. Off the coasts of Britain the greatest

waves—greatest not only in height, but more especiaUy in

length from crest to crest—come rolling in fi-om the broad
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Atlantic. The narrow seas of the English Channel give

shorter, lower waves : often steep and breaking at the

crest, choppy, lumpy, sometimes dangerous and always
disagreeable, but lacking the majesty of the great ocean

waves. It is with the short, steep waves that most of our

A Steamer sliding down the Slope of an Atlantic Wave.

marine painters are famiUar, and it is rare to find a picture

or a photograph which shows the long waves of mid-ocean.

Our first illustration is from a water-colour drawing kindly

placed at our disposal by the artist, Mr. G. H. Andrews,
F.K.G.S. It shows a steamer of about two thousand tons

sUding down the long slope of a wave in mid-Atlantic. She

die out at once with the falling of the wind, as is the case

with the wavelets raised by a passing breeze ; on the con-

trary, the long rollers follow one another in unbroken
succession for days after a storm, breaking at regular

intervals upon the leeward shore with a solemn booming
sound which is the more impressive

from the stillness of the air. The
smaller and shorter waves, raised

latest by the wind upon the flanks

and in the troughs of the greater

waves, are the first to die out after

the wind lulls, and the heaving sur-

face of the sea is no longer chequered

with the intricate interlacing undu-
lations of lesser waves, but
"

. . the broid bosom of the oeean
kee]>s

An equal motion, swelling a> it sleeps."

These waves, which travel indepen-

dently of wind, are called free iiaren,

in contradistinction to the forcd
ii-dvcs of a rising sea driven forward
by the strength of the wind.

Some of the best observations of

ocean waves are those made by Dr.

Scoresby during a homeward pas-

sage across the Atlantic in 1848.

On March 5th the ship Hiheinia

was in lat. 51- N. and long, (at

noon) 38^ 50' W., the wind being

W.S.W. and the ship's course true N. 52° E. By
sunset of the prenous day the wind was already blowing

a hard gale, which continued with heavy squaUs during

the night, so that all sail was taken in except a storm-

staysail forward. On the afternoon of the same day

Dr. Scoresby took up his post of observation on the

AtknGt fiolltrs UnflV H.'L.OAV

Fio. 2.—Atlantic Rollers. Kediued from an Original Drawing by Uenby Holiday.

was sighted on a moonlight night when passing the ship

on which the artist was homeward bound.

We have so far dealt with the raising of waves by

the wind ; let us now examine the course of events when
the wind drops after a storm. The storm waves do not

saloon deck, which gave an elevation of the eye twenty-

three feet three inches above the water-line. He found,

however, that every approaching wave intercepted the

horizon, so that from this position he could decide little

except that the average height of the waves, reckoned from
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trough to creat, was more tlinn twenty-four feet. He,
therefore, ventured upon the port paddle-box, wlikh was
seven foet higher, giving an eye elevation of thirty feet

three inches. This level was maintained during the

actual moments of observation, for the whole of tlie ship's

length (two hundred and twenty feet) was rlear within the

trough Qf the wave when the next following crest was
at its greatest apparent height, and the ship at these

moments was on an even keel. l'"rom this elevated position

quite one-half of the waves which overtook and passed the

ship were above the level of the observer's eye. Some-
times a crest extending in a ridge one hundred yards long

would be from 2" to H"" above the visible horizon,

which would give a height from trough to crest of more
than forty feet. Sometimes the crossing of two wave-
crests would send up a sharp peak of water ten or fifteen

feet higher than this, or the crest of a breaking wave
would shoot up to similar height. The average height

of the waves during the observations of March Tith was
thirty feet. On the Gth, at ten a.m., the wind having
lulled some hours previously. Dr. Scoresby took up his

usual post upon the saloon deck, from which he estimated

that the average height of the waves was still as much as

twenty-six feet. He then set himself to determine the

velocity of the waves, and their length from crest to crest.

The ship was travelling at nine knots ; the wave-crests

overtook the ship at intervals of sixteen and a half seconds,

and each wave travelled the distance of two hundred and
twenty feet, from stem to stern, in six seconds. The length

from stem to stern would appear, therefore, to have been
little more than one-third of the distance from crest to

crest. This proportion would give a wave-length of

six hundred and five feet, but a necessary correction for

the effect of the small angle between the direction of the

ship's motion and that of the following waves reduces this

to five hmidred and sixty feet for the true wave-length.
It follows, therefore, that five hundred and sixty feet of the
wave passed the stern of the vessel in sixteen and a half

seconds. But the ship dm-ing this time moved two hundred
and thirty feet in the direction of the wave's motion. The
true distance traversed by the wave in sixteen and a half

seconds was therefore seven hundred and ninety feet, which
gives a velocity of thirty-two and a half statute miles per
hour.

During the height of the gale the forms of the waves
were less regular than after the wind had begun to subside

;

the greater waves were chequered with many minor or
secondary waves, and the greater waves did not for the
most part range themselves in long parallel series, as do the
rollers near shore when retarded by the shallowing water.

Fig. 2 shows an Atlantic wave such as those described

by Dr. Scoresby, with a length of about six hundred feet

from crest to crest. The wave is travelling from right to

left, the right fiank of the crest being that which is exposed
to the wind. In judging of the relation of height to length
it must be remembered that the view is somewhat fore-

shortened. The figure is fi-om a sketch made at sea by
Mr. H. Ilohday, who has kindly placed the drawing at our
disposal.

In order to understand waves we must study, not only
the motion of the wave, i.e., the steady onward rush of the
wave-crest, but also the motion of a particle of surface-

water situated in the path of the wave. Some information
as to the motion of the water-particle may be gained by
watching from a pier the movements of a light floating

body outside the line of breakers. When a wave-crest
approaches, the body moves upwards and forwards ; then,
at the crest of the wave, it is for a moment moving
forwards only ; when the crest passes it moves first down-

wards and forwards, then downwards and backwards,

until, in the trough of the wave, the body is again in its

first position and is for a moment moving horizontally

backwards, i.e., seawards, before rising again as the next

wave-crest approaches. More exact observation, agreeing

with mathematical calculation, shows that the motion of

the particle is, in deep water, almost perfectly circular, the

diameter of the circle being in the direction in which the

wave is travelling. The particle of water moves with

uniform velocity, and the time of one complete swing of

the particle round its circle is eq\ial (as follows from what
has been already said) to the interval between the passage

of succeeding wave -crests. The vertical distance through

which the particle moves is equal to the height from

trough to crest. Again, from the fact that the motion is

circular, it follows that the particle moves through a

horizontal distance equal to the height of the wave from

trough to crest, mil (be it well understood) equal to the

wave-length, or distance from crest to crest.

The velocity of the particle, it must be remembered, is

by no means the velocity of the wave. The particle takes

the same time to move uniformly round its small circle

that a wave-crest takes to pass over a whole wave-length

—

say ten times the distance, even in a very rough sea.

The more rapidly a wave-crest travels the greater will

be the distance which separates it from the next wave-crest.

This connection between velocity and wave-length is an

important property of water waves, which run by the

action of gravity. In sound waves, on the other hand,

the velocity is independent of wave-length. In order

to explain the connection between the wave-length and the

velocity of water waves, we cannot do better than adopt

the artifice employed by Newton in the second book of the
" Principia." He represents the water as contained in a

U-tube (see Fig. 3, taken from an edition of 1729). If the

M

L N

Fig. 3.
—" If water ascend and descend alternately in the erected legs

KL, MN of a canal or pipe ; and a pendulum be constructed,

whose length between the jjoint of suspension and the centre of

oscillation is equal to half the length of the water in the canal

;

I sav, that the water will ascend and descend in the same times

in which the pendulum oscillates." — Newton's " Principia,"

Book II.

tube be agitated, the level of the water oscillates up and
down in the two limbs. The level in one limb being E F,

and in the other G H, the uiiijht of so much of the left-

hand column as is above E A moves the whole of the

liquid. This column of liquid is a falling body, but not a

body falling freely. Its descent is retarded by the fact

that it has to overcome the inertia of the remainder of the

liquid. The oscillations of the liquid in a tube of given

length are executed in equal times whether they be great

or small, just as are the decreasing oscillations of any
pendulum. The time of an oscillation depends upon the

length of the whole column of water, in the same way that

the time of swing of a pendulum depends upon its length.

If the length of the pendulum be doubled the time of one
oscillation is increased fourfold ; if the length be tripled

the time of oscillation is increased nine times ; and so on,

the length of the pendulum being proportional to the square
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of the time. The relation is due to the fact that the force

of gravity is contimtally acting. The relation may be

otherwise stated by saying that the time ig proportional to

the square root of the length. Now, in our U tube the

portion E F, at the moment represented, is the crest of ?>

wave, and G H is the succeeding trough." The interval of

time which will elapse before G H is the crest is propor-

tional to the square root of the length of the column of

water ; or, the velocity with which a wave-crest appears to

travel over the surface of the water is greater in proportion

to the square root of the wave-length. From this we see

that, if any cause of disturbance starts a wave of a certain

velocity, the distance from crest to crest will depend upon
this velocity, and in the precise manner above stated.

From the Imown length of the seconds-pendulum (or, to

put it otherwise, fi'om the known value of the acceleration

due to gravity) the wave-length proper to any given

velocity can be calculated. The following approximate

rule will be found useful for numerical calculations relating

to water waves, nz., that—five times the wave-length is

numerically equal to the square of the velocity, lengths

being expressed in feet and time in seconds. This rule

gives a velocity of about forty feet per second, or twenty-

seven miles per hour, for waves three hundred feet from

crest to crest, such as are observed in the Atlantic after a

storm.

The depths of the ocean are undisturbed by the waves

with which the wind covers the surface, for the excursions

of the swinging particles diminish very rapidly as the dis-

tance from the surface increases. In an Atlantic storm-

wave, with surface particles swinging round a circle of forty-

foot diameter, the motion at a depth of three hundred feet

is calculated to be not more than half an inch ; so that we
may say that at a depth greater than the distance from

crest to crest the water is undisturbed by winds, and, con-

versely, where there is such a clear depth of water the for-

mation and the motion of the largest wind-waves is not

hindered or modified by the sea bottom. Some seas, how-
ever, are really very shallow. The depth of the North Sea
is not more than half the distance from crest to crest of a

full-grown Atlantic wave ; it would be difficult to find a

spot in the North Sea where St. Paul's Cathedral would
be completely submerged.
When the depth of water is small relatively to the wave-

length the motion of the water particles is greatly modified,

and we encounter the more varied phenomena of waves in

shallowing water, culminatmg in the waves of the sea-

shore and the ever-beautiful breaking wave—of all of which
more anon.

THE BANANA.
By ElCHARD Beynon'.

NEVER in the history of the world's trade has there

been so marked an example of an edible article

of commerce attaining within a comparatively
short period the popularity achieved by the

banana. It is not long ago that this luscious

product of the tropics was only heard of as a vegetable

curiosity. Occasional parcels were brought to England
by vessels trading from the West Indies or the West
African islands ; but these reached no farther than the

narrow circles of the friends to whom they were sent. The
omnivorous British public remained practically ignorant of

the rich, wholesome fruit which nature was ready to produce

• It is to be borne in mind that in the proportions obtaining in

actual waves, the vertical limb of the supposed tube is short compared
with the length of the horizontal part.

SO bountifully. Now, however, no fruiterer's stock is

complete without its bunches of richly-tinted bananas

;

while the enterprise of the "coster " and other itinerant

vendors has placed the fruit within the reach of the

poorest.

Originally the banana was a native of the eastern tropics,

but now it is cultivated in all tropical and sub-tropical

countries, whether in the Old or New World.

The plant itself is a peculiar one, the stem, which attains

a height of fifteen or twenty feet, being practically formed

by the sheathings of the leaves, the blades of which reach

the very respectable dimensions of eight or ten feet in

length and eighteen inches or two feet across. The fruit

clusters, which branch from the stem, have been known to

weigh upwards of ninety and even a hundred pounds. A
bunch of average bananas contains eight hands of ten

bananas, while those of inferior quality will consist of but

six or seven hands.

The productiveness of the banana plant is enormous.

We are sometimes wont to refer to the productive power

of grain or the potato as examples of extraordinary fertility.

But, according to Humboldt, the banana is more than a

hundred times as productive as wheat and forty-four times

as productive as the prolific potato.

As a complete article of food, containing in itself the

principal elements necessary to preserve the human
machine in health and strength, this fruit is one of the

completest with which nature has furnished us. The
principal constituent is of course water, which practically

forms three-fourths of the weight of the banana. Sugar,

pectine, etc., compose about twenty per cent., while

nitrogenous matter is, roughly speaking, accountable for

the remaining five per cent.

In many tropical areas the banana is the staple food,

and from the unripe, sim-dried fruit a most nutritious flour

is manufactured. In fact, this fruit is to a great section

of the inhabitants of the tropics, and the regions adjoining,

what wheat is to the European and rice to the Hindoo.

Twenty-five years ago, some men interested in the

New York fruit trade prophesied a big future for this fruit.

Thinking that there might be " money in the business," a

fruit merchant introduced to the buyers of New York a

shipment of four thousand bimches ; but this initiatory

effort does not seem to have met with much success. Ten
years later, another consignment of ten thousand bunches

was shipped from .Jamaica, andno dilficulty was experienced

in securing a ready sale. Xi'ir, the trade in bananas

between New York and the West Indies forms a special

department of commerce, for which vessels are specially

built and equipped.

The quantity of bananas shipped from West Indian and

adjacent ports into the United States now amounts to

thirteen or fourteen million bunches annually, valued at

considerably over four millions sterling. Our own posses-

sion of Honduras exported, in 1880, bananas to the value

of seven hundred pounds, while at present the annual value

of this fruit exported is close upon fifty thousand pounds.

From one port alone, on the shores of the Caribbean Sea,

two hundred and fifty thousand pounds worth of bananas

are exported each year.

The fruit which finds its way to England comes almost

entirely from ^ladeira and the Canary Islands. Before

long, however, the West Indian banana will enter the field

as a powerful competitor, the arrangements for the safe

and speedy sea-carriage of the fruit now rendering auch a

contingency quite feasible.

The bananas intended for export are cut when green,

and consequently unripe, and carefully packed in long

and loosely constructed baskets, or wooden crates. The
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bunches of fruit are encased in cotton •wool, and while
great care has to be talcon to protect tliem from damp or

frost, thorough ventilation must be maintained as well.

On arrival at the fruit merchant's warehouse, they arc

stored in dry, airy rooms, the temperature of which is

regulated by the condition of the fruit, and the length of

time it is proposed to keep it before placing it upon the

market. Thus, fruit which is wanted to ripen slowly may
be kept at a steady temperature of 55° to GO' Fahrenheit,
while the ripening process may be easily accelerated by
increasing the temperature. When properly ripe, the outer

skin assumes that delicate canary hue which colour experts

maintain has no other exact parallel among the tints with
which nature invests her vegetable products.

OUR FUR-PRODUCERS.-I.

OTTERS. SKUNKS, BADGERS, AND GLUTTONS.

By E. Lydekker, B.A.Cantab., F.R.S.

f I
^HE skins of mammals have always played

important part in human clothing from the very

earhest times, when they were dressed with rude

scrapers of ilint, obsidian, or other kinds of stone.

Before the art of weaving became known, they

appear to have constituted the entire dress of our savage

ancestors, and although in temperate climates they are now
to a great extent articles of luxury, in the Polar regions they

are absolute necessities. The trade in furs at the present

day is enormous, the value of those sold in London alone

being estimated a few years ago at little short of a million

sterling ; and the recent

rise in the price of some
of the more valuable

kinds suggests that this

estimate may now be
considerably below the

mark.
Although the term

"fur" is commonly re-

garded as distinct from
wool, yet in nature there

is a more or less com-
plete transition from the

one to the other, so that

in any essay on fur-pro-

ducing animals, it is

diflScult to exclude those

that yield wool. Never-

theless, whereas wool,

as such, is employed in

the manufacture of tex-

tile fabrics after its

removal fi-om the skin,

while furs are the

whole " pelts " of the

animals by which they

are yielded, we have
an obvious distinction,

so far as manufacturing

purposes are concerned.

Accordingly, in the pre-

sent series of articles, our attention will be directed to pelts

alone. It would, of course, be impossible within the limits

of our space to mention even by name all the animals
whose pelts are used in commerce ; and we must therefore

confine ourselves to such as are most commonly employed,
and to those which, from their beauty or rarity, command

the highest values in the market. It must not, however,
be supposed that those which fetch the highest price at

one time will do so at another, for fashion in furs, as in

everything else, changes ; and skins which are in high
demand in one season may be a drug in the market in the
next. Consequently, lluctuations in value of from forty to

sixty per cent, are by no means unconnnon ; and probably
these iluctuations are of some importance in keeping up
the supply, for whereas, when its skin is in fashion, a
species of mammal will be relentlessly hunted, when the

mode changes the creature has a more or less complete
respite for a season. Nevertheless, there are certain pelts,

such as those of the sea-otter and silver-fox, which always
maintain an exceptionally high value.

Fur and wool, both of which are merely varieties of

hair, are the products oi mammals alone ; but whereas
the great majority of that class grow hair of somc^ kind or

other, it is chiefly among particular groups or famiiiea

that the most valuable furs are produced. One of the

most valuable families of all in this respect is that of the

weasel tribe—the Mustflhla. of zoologists—which comprises
the martens, ermines, otters, and sea-otter ; and certainly

no other group includes such a large number of valuable

fur-bearing species. But the fur-seals ('O^/cnV^y, although

less numerous in species, likewise occupy a high position,

on account of the large size of their pelts and the number
of individuals by which they are represented. Among the

abundant yielders of less valuable furs may be mentioned
the squirrel family and the hares and rabbits.

It is a somewhat curious comment upon the suscepti-

bilities of human nature that, whereas we are continually

being reminded of the iniquity of our ladies in adorning

The Pine-Marten. (One-fourth natural size.)

their hat;; and bonnets with the plumage of birds, yet no
one has a word to say against the enormous slaughter of

mammals that is continually taking place for the sake of

their pelts. No one, we beheve, has ever thought of

establishing a " fur league," and yet it is extremely doubt-

ful whether the cruelty which is certainly exercised in the
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acquisition of birds' plumes is not equalled, or even

exceeded, in procuring; the pelts of mammals. Possibly this

apathy is largely due to the fact that, whereas mammals,
fi-om the nocturnal habits of the majority of the fur-yielding

kinds, are but seldom seen, birds are always with us.

Much might be written as to the various modes of

dressing and preparing the raw pelts for use, but as this

would entail too much space, we proceed at once to notic?

the chief groups of fur-producing mammals. Here a strict

zoological arrangement will not be followed, as it seems

preferable to deal first with such groups as either contain

the greatest number of fur-bearing species, or comprise

forms whose pelts are remarl^able for their extreme beauty

or high commercial

value.

We take then,
first, the weasel tribe

(Mustelidce), which in-

cludes the sea-otter,

true otters, badgers,

gluttons, ermines,
martens, skunks, and

others, among which

the sea-otter [Lata.v

hurts) stands pre-

eminent here, having

the most valuable

pelt of any mammal.
It will be unnecessary

here to point out the

characteristics of the

family, but it may be

mentioned that all

its members agree in

having only a single

pair of molar teeth

in the upper jaw, and

never more than two

pairs of such teeth in

the lower jaw ; the

upper molars being

remarkable in that

they are generally

wider on the inner

than on the outer,

whereas in the
majority of the Carni-

vora the reverse is

the case. The great

majority of the mem-
bers of this family are

inhabitants of the

northern hemisphere,

where, with the ex-

ception of certain

otters and skunks, all

the species whose pelts

And it may be

The Cape Polecat. (Ouc-sixtli uatiirul size.)

are valued in commerce occur,

mentioned that, as a rule, the further

north we go the more valuable do the pelts become, while

it is only in northern regions that certain species are

white for a portion or the whole of the year.

Although presenting many structural features in

common with the freshwater otter, the sea-otter stands

apart from all in the peculiar structure of its hinder

grinding teeth, which, in place of being surmounted by sharp

cusps and ridges suited to holding the slippery skins of

fishes, have blunted, manniiillated crowns, admirably

adapted for crushing the shells of the crabs on which this

animal feeds. It is also peculiar in having only two pairs

of front, or incisor, teeth, in place of the usual three. But
its most remarkable feature is to be found in the structure

of the hind feet, which form webbed flippers, with the

toes much elongated. It has been usually considered

that when on land the sea-otter stands with its hind feet

bent forward under the body like an ordinary mammal

;

but according to the observations of Mr. Snow, who has

hunted and killed these animals on the shores of the

Kurile Islands, this is incorrect, the flippers, both when
walking and swimming, being turned backwards, in the

same manner as are those of an ordinary seal. In

appearance, the sea-otter may be compared to a very large

freshwater otter, with a shorter body and legs, a short and
blunt face, bearing

whiskers somewhat
like those of a cat,

and a short, flattish,

and somewhat
bushy tail, ending
suddenlyin a bluntish

point. The fur is

generally some shade
of dark brown, al-

though occasionally

lighter, and among it

are a certain number
of longer white hairs,

which are not removed
in dressing, and form
its chief beauty. Sea-

otters, which are now
rare animals, and
never appear to have
been abundant, are

found on both sides

of the Pacific, ranging
in America as far

south as Mexico and
California, and on
the Asiatic side to

Kamschatka and the

Kurile Islands ; the

Aleutian and Kurile

Islands being the

localities where they

are least uncommon.
A few years ago, be-

tween £sO and tilO

was a high price for

the pelt ot a sea-otter,

but by 1892 £100 was
no uncommon price,

while as much as

£200 had been given

for an unusually fine

example. At a sale

in London in the spring of 1805, the hitherto unhoard-of

price of t'22o was paid for one by a Russian nobleman. This

splendid specimen had been stripped off the animal entire,

glove-fashion, without the usual slit up the lower surface,

thus preserving both upper and lower surfaces intact.

Such a price has, we believe, never before been gi\4?n for a

single pelt of this or any other animal. Sea-otters are

either hunted by men in boats and shot, or caught in nets,

when they meet their death by drowning.

True otters {fAtini), of which there are a considerable

number of species scattered over all parts of the world,

except Australasia, Madagascar, and the Polar regions, are

too well known to need anything in the way of description
;
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and tlieir fur, chiefly in the form of trimming, is likewise

sufliciently familiar. Althongli otter-pelts may bo classed

among the more valuable furs, their price bears no com-

parison to that of sea-otter fur ; and it is noticeable that

the pelts of the southern species are of considerably less

value than those of the northern kinds or races. l'"or

instance, whereas skins of the small Indian otter {L.

cinci-.'d) sell for only a shilling each, while those of the big

Brazilian species ( /-. hrasiliensi.i) fetch only from one to

six shillings, the price of a pelt of the common European

otter (L. vuliiivls) ranges from five to thirty shillings.

Canadian otters (L. ciinaih'mi^), which are larger and finer,

attain still higher values, selling at from thirty to fifty

shillings a-piece ; while in 1889, fine Labrador skins fetched

I'lie Orluttoii, or Wolrevene. (One-sixth natvu'al size.)

as much as ninety-five shillings. Some idea of the

importance of otter-skins in commerce may be gathered
from the fact that, according to Mr. Poland, upwards of

ten thousand skins of the European species are sold

annually at the pelt fair in Leipsic ; while in Prussia alone

over four thousand individuals were killed during the winter

of 1885-86. As regards the American species, in the year

1891 over eight thousand skins were sold by the Hudson
Bay Company, and more than seven thousand by the

Alaska Commercial Company. With this incessant per-

secution, it is a marvel that otters continue to exist at all,

especially as they are comparatively slow breeders. Otter-

fur is used both in the natural state and when " pulled "—
that is to say, when the longer hairs have been removed.

When pulled and dyed, it is used largely for glove-tops,

and has much resemblance to seal-skm, although it wears

much better. In northern countries the darker varieties

are largely used for collars and cufTs of coats in the

natural undycd condition, but in ]':ngland lighter-coloured

skins are preferred for the same purpose.

In America, otters are chielly captured by trapping.

" Searching for a ' slide,' or place where the animal

habitually crawls from the water up the bank, the

hunter," writes Dr. Elliott Coues, " sets the trap on the

spot, a few inches under water. No bait is hero required,

and devices are used in securing the trap by which the

animal may be led into

deep water when caught,

or lifted upward, the

design in either case

being to prevent its

escape by gnawing off the

imprisoned limb. The
trap may also be placed

at the top of the slide,

two or three feet back

off the slope, in a place

hollowed to receive it,

and covered with snow.

Under such circum-
Htaiices, care is taken not

to handle the trap with

the bare hands. It is

scented with various

animal odours, and, to

further ensure success, a
' way ' is made to it by
means of parallel logs."

The otters constitute

by themselves a separate

sub-family of the ^lus-

tilidcB, and next to them
comes in the zoological

system a second sub-

family represented by
the skmiks, badgers, and
ratels. Of these, the

most important from our

present point of view are

the skunks, of which
there are several genera,

all confined to America,

where the range of the

various kinds extends

from the Hudson Bay
territory to Patagonia.

The species of most
importance, from a com-
mercial point of view,

is the common skunk {Mephitis mephitica) of North
America, which may be compared ui size to a small

cat, and ranges from Hudson Bay to the Central United
States. In common with its kindred, this skunk has

a large bushy tail, frequently carried bent over the back
in a somewhat squirrel-like fashion, and a beautiful jet-

black fur, varied with a larger or smaller amount of

white forming a pair of longitudinal stripes on the body
and head, and more or less of the taU. In some speci-

mens the white is reduced to a fork on the head and a

patch on the tail-tip, and it is not improbable that

absolutely black examples may occasionally be met with.
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White skunks are rarely found. All skunks enjoy an
unenviable notoriety on account of the noisome fluid they

have the power of ejecting when irritated ; and it is

doubtless the consciousness of the safety thus enjoyed

that emboldens them to walk about in the open in broad
daylight, as they may not unfrequently be seen to do on
the Argentine pampas. There are, indeed, few animals

that will face a skunk ; and although some dogs will " go
for " them, they suffer many hours' misery in consequence
of their temerity. Indeed, so lasting and disgusting is the

odour of the secretion of these animals, that it is by no
means an uncommon event for a whole camp to be

thrown into disorder at the cry of " Skunk !
" It might

naturally be supposed that the skin of an animal
producing such an ill-favoured odour would scarcely be

suited to the purpose of the furrier ; but if the creature

can be killed without discharging its secretion, or be made to

discharge it in such a way that it does not touch the fur,

the value of the latter is not impaired. And it appears
that the secretion cannot be discharged when the animal
is raised from the ground. Consequently, one of the best

kind of traps for skunks is the so-called " deadfall," in

which one huge log is made to fall suddenly upon an
underlying one in such a manner that the unfortunate
victim is pinned between the two and instantaneously

killed. Even, however, in the manufactured state there is

a suspicion of an unpleasant odour about skunk-fiu, which
detracts considerably from its value. Probably with a

view to conceal its real nature, skunk-fm' is, or was, termed
by the trade "Alaska sable." The trade in these skins has
greatly increased in volume during the last few years, over

twelve thousand having being sold by the Hudson Bay
Company alone in the year 1891. The price of what is

called a black pelt varies fi-om seven to ten or even thirteen

shillings ; while such pelts as have broad white stripes

fetch fi'om two to seven shillings, the whiter specimens
being of stiU less value. Black skins are used in their

natural colour, whereas all the striped ones are generally

dyed black or brown ; but it seems a pity that these are

not made up as they are, since the contrast of the black

and white would present a very striking effect. The
smaller skunk ( Spilogale putorius i of North America, which
differs from other members of the group in its arboreal

habits, yields skins of no great commercial value, although
from six thousand to thirteen thousand are annually im-

ported. These vary in price from sixpence to two-and-
threepence each, and are commonly employed as coat-

linings. Of still less value are the pelts of the South
American skunk (Cow^pntus mapurito), the fur being coarse

and harsh. Still, a few thousand skins are annually
imported into England, and sell at from a shilling to half-

a-crown a-piece.

Of the other members of the sub-family, the common
badger (Meier taxm) is important in that its hair is largely

employed in the manufacture of brushes, although it is too

coarse to be much used as fur. It is estimated that about
four thousand badger-skins are imported yearly into this

country alone ; and although we are accustomed to regard

the badger as a comparatively rare animal, the fact that

over five thousand head were killed in Prussia during the

winter of 1885-6 shows that this is by no means the case

on the Continent. According to quality and demand, the

price of badger-skins fluctuates between one and two
shillings each.

The North American badger {Ta.ri<k(( amerkana), which
differs from the true badger in the structure of the
skull and teeth, has a finer coat than the latter, and is

thus better adapted to the requirements of the furrier. Its

general colour is light grizzled yellowish-grey, with longer

black hairs, which are white at the tips ; while the sofc

under-fur is Light brown, becoming drab near the roots.

The pelts are of some value, varying from about six to
twenty-two shillings each. In the year 1891, between
four and five thousand skins were sold by the Hudson Bay
Company, and over five thousand by other traders.

Occasionally the fur is dyed dark brown, although more
frequently employed in the natural condition. Formerly,
the hair was much used for shaving-brushes, but it is

generally too soft to make good ones. Like its Old World
cousins, the American badger lives in burrows, which in

some parts of the country are extremely numerous, and it

is endowed with the same fighting powers.
Those near allies of the badgers, the Indian and African

ratels OleltivnraJ, have fur of but little commercial value,

although a few skins are imported with those of Asiatic

badgers. Another member of the same sub-family is the
Cape polecat (Ictotji/.c :or>Ua), whose black-and-white-
striped pellage recalls that of the smaller skunks. In spite

of the beauty of the fur, but few skins are imported into

Europe; the average being only a few hundred yearly, and
the price of them varying from fivepence to sevenpence each.

Much more valuable is the pellage of the wolverene, or

glutton {Gulo luscm), which belongs to the same sub-family
as the martens, and is one of the few mammals common to

the northern parts of both hemispheres. The wolverene is

an animal with somewhat the appearance of a small bear,

although furnished with a moderately long and bushy
tail. The general colour is dark grizzled brown, but a

saddle-shaped area on the back is defined by a ring of

lighter-coloured hair, and in some examples the whole
pellage is very light-coloured. Although somewhat coarse,

the long and rich fur of the wolverene has a considerable

commercial value, good skins fetching as much as thirty

shillings. In 1808 the Hudson Bay Company disposed of

eleven hundred wolverene pelts, and a little over a thousand
in 1891. A number of skins sewn together make a very
handsome carriage-rug ; and by the North American
Indians and Eskimo, strips of wolverene-fur are employed
to trim their garments. When dyed black, the fur is very
handsome.

Scimce Notc0.

A number of the former students of Professor Bonney's
geological classes in the University of Cambridge and at

University College, London, having felt a desire to recog-

nize the value of his services to geological science, have
united in presenting him with his portrait as a mark of

their personal esteem and gratitude. The work has been
executed by Mr. Trevor Haddon, Slade Scholar and
Medallist, and Fellow of the Herkomer School.

The Society for the Protection of Birds has an excellent

scheme for imparting a knowledge of birds and their uses

to the public. The Society has provided itself with a most
beautiful series of lantern slides, which it is ready to lend
to any of its members for the purposes of an illustrated

lecture on birds and their protection. The slides are

accurate and exceedingly good, no expense having been
spared to make them so.

The analysis of earths from various places in the Lower
Congo district proves that the soils there, sandy as well as

calcareous, are provided with reserves of phosphoric acid

and potash which insure a high fertility. It is regarded

as certain that, in the territories where the disappearance

of forests has not modified the rainfall, the cultivation of

cofi'ee, cocoa, and other economic plants can be carried on
for a long time without the use of manure.
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On St. Andrew's Day, Lord Kelvin delivered his retiring

address as I'rosident of the Uoyal Society. Eeferring to

the losses of members sustaiued by the Society during the

past year, he mentioned Cayley, one of the makers of

mathematics ; Fran/, Neumann, one of the most |)rofound

and fertile of all the workers in mathematical physics of

the nineteenth century ; Huxley, a man who can ill be

spared, a resolute and untiring searcher after truth, and
an enthusiastically devoted teacher of what he learned

from others and what he discovered by his own work
in biological science ; Louis Pasteur, who, before he

entered on his grand biological work, made a discovery of

first-rate importance in physics and chemistry—the

formation of crystals visibly right-handed and left-handed

from one solution—and who, by the line of research to

which he devoted most of his life, conferred untold benefits

on humanity and the lower animals. Lord Kelvin went
on to describe the further work on the nature of argon,

and the discovery by means of spectrum analysis of a new
element identitied with the one called helium, found thirty

years before to exist in the sun. After dealing with

the awards of the various medals—the Copley medal to

Dr. Karl Weierstrass for his investigations in pure

mathematics. Royal medals to Dr. .Tohn Murray for his

editorship of the report of the ClmUeniier expedition

and to Prof. Ewiug for his investigations on magnetic
induction in iron and other metals, and the Davey medal
to Prof. Ramsay in recognition of his work on argon and
helium—Lord Kelvin concluded by referring to the keen

regret which he felt that the live years during which he
had presided were past, and that he ceased to be the

President of the Royal Society.

Utttcrs.

[The Editors do not hold themselves responsible for the opinions or
statements of correspondents.]

VABIABLE STARS.

To the Editors of Knowledge.

Sirs,—The statements in my note in June (1895)
Knowledge, as to the variations in period and fluctuations

in light of Mira and R Leonis at their last appearance,
having been fully verified by the observations of Mr.
H. M. Parkhurst, of Brooklyn, New York, published in

the Astronomical Journal of June 2nd and August 5th, and
by your own correspondents, Messrs. Corder and Backhouse,
to whom my thanks are due, that question may be regarded
as settled, and in a way very gratifying to the present
writer.

And now, with your permission, I will inquire what has
been the experience of observers on your side with R
Scutum Sobieski this season. The star has long been
observed, and, like those mentioned above, is regarded by
the professionals, and those having large telescopes, as a
" chestnut," and is neglected. But if there is any relation
between variable stars and cometary and other random
things, as is supposed, their observation by careful

observers with small apparatus may lead to important
results.

The magnitude of R Scuti, as given by Webb, vol. ii.,

is at maximum 4-7 to 5-7, at minimum 6 to 9. The
Companion gives the foHowing ephemeris :—Minimum
July 6th, maximum August 6th ; minimum September
11th, maximum October IGth. The minima, according to
Webb, are alternately bright and faint, and Klein says the
period is irregular. I took up the star, and estimated its

light by comparison to be—July 25th, 5-7 magnitude

;

August 6th, 6-8 ; August 2l8t, 5-7 ; August 28rd, 5-6
;

September .'ith, 0'2 ; September IHth, 6-5
; September 22nd,

7-00 ; October 4th, 7-5 ; October 5th, 8-0; October Hth, 80
;

October 10th, 7-8
; October 12th, 7-(! ; October 14th, 75

;

October 15th, 7'4.

From these observations it appears that the star is

behind time in period as well as in light, and that the

light lluctuatos. Of the four stars, A, r, (/, and c, cast of it, R
has been the faintest since October 1st ; <!, by photometric
measure, is 7'17 magnitude, falling below over half a

magnitude on October 5th.

Memphis, Tenn., U.S.A. Davu) Flanery.

SECOND liLOOMTXG OF TllK HOLLY.

To the Editors of Knowledge.

SiES,—Among the many second flowerings resulting from
the exceptional clemency of the past autumn is one which
I have never noticed here before, viz., that of the holly.

This district forms part of the high plateau of the Midlands,
and our well-known holly woods stand upon so high an
elevation as to be exposed to winds from every direction.

Nevertheless, a second flowering has occurred this autumn.
I found one tree to-day bearing both the red berries from
the spring blooming, and a second and plentiful crop of

partially opened flower-buds.

Alfrkd J. Johnson.
Boldmere, Sutton Coldfield,

December 8th, 1895.

Notices of iSoolts.

Notes on the Nebular Thcon/. By William Ford Stanley,

F.R.A.S., F.G.S., &c. (Kegan Paul.) Illustrated.

Although much has been written in support of the nebular

theory of Kant and that of Laplace, few original thoughts

have been added to it, and quantitative data have been
markedly deficient in connection with the subject. There
is little doubt that celestial bodies can be arranged in

regular order, from nebulfe, " without form and void,"

through symmetrical nebula; like Andromeda into stars

connected with streams of nebulosity, and then into the

finished product ; and the form of a nebula in any par-

ticular stage of its development is probably the result of

the action of gravitation upon it while in the preceding one.

But this arrangement is only a scenic one ; and though
the spectroscope helps very considerably to define the order

of celestial evolution, much yet remains to be done in

determining the mathematical and physical conditions

which lead to the observed differences in structure. Mr.
Stanley has treated the subject in a philosophic manner,
and his contribution deserves serious attention. It is

difficult to trace his arguments in the short space of a

review, but we may say at once that they bear the impress

of original thought. To begin with, Mr. Stanley points

out that the full consideration of the nebular theory

requires the existence of a more attenuated form of gaseous

matter than the nebulre. This material he terms the

pneuwa, which he supposes to have pervaded all space,

to contain all the chemical elements, and to represent

the state of infinite diffusion proposed by Helmholtz. It

is suggested that the mode of condensation which renders

nebulous matter visible to its extreme outlines is purely

chemical, and takes place within the exterior surface of the

nebula only. Chemical action is, indeed, believed to cause

the degradation of the pneuma to a gas or a nebula.

Having traced what he considers to have been the mode
of formation of stellar and solar systems from the original
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pneuma, Mr. Stanley puts forth some ingenious specula-

tions on the formation of orbits, and discusses the conditions

upon which our solar-planetary system may have been

formed, giving also suggestions for causes of direction of

rotation and revolution of the planets and satellites.

Finally, several chapters are devoted to the study of the

hypothesis of the formation of the earth under purely

nebular conditions. We have only been able to give the

barest outUue of the book, but it will suffice to show the

character of the contents. Speculative the book un-

doubtedly is, but it is suggestive also ; and though some of

the ideas developed have little or no foundation in fact,

they are worth consideration, whUe, taken altogether, they

will help to place the study of the nebular theory upon a

broader basis than heretofore.

Heliyiland as an OrnithohMjkal Observatory. By Heinrich

Giitke, C.M.Z.S., &c. Translated by Kudolph Rosenstock,

M.A. (Dand Douglas.) Illustrated. SOs. For the last fifty

years, day after day and night after night, as Mr. Harvie-

Brown says in his preface to this deeply interesting work,

Herr Giitke has studied the migration of birds. As is now

direction, altitude, velocity, and order of migration flights

are all dealt with by the author in a masterly and graphic

manner, and a chapter on " Meteorological Conditions
which influence Migration " is deeply interesting. Herr
Giitke's remarks on the change of colour in birds without

moulting will prove invaluable as an addition to our scanty

knowledge of this subject. The larger portion of the book
is taken up with excellent descriptions of the three hundred
and nmety-eight species of birds which the author has
collected on Heligoland ; but by far the most fascinating

and valuable portion is that dealing with their migrations.

We may add that the translator has done his work well in

preserving the graphic and logical style of the original.

Movemmt. By E. -T. Marey. Translated by Eric

Pritchard, M.A. (Heinemann). Illustrated. 7s. 6d. " Le
Movement," the original of this book, which has been very

successfully translated by Mr. Pritchard. is one of the most
recent and important works of M. Marey, the eminent
French physicist. By the aid of chrono-photography in

conjunction with many clever devices, the author has been

enabled to explain and elucidate in the book before us

1 Thrust. (From a Chrono-pliotograph on a fixed plate.) From " Movemeut.''

generally known, the island of Heligoland is peculiarly

suited to be an ornithological observatory. It stands, as it

were, as a stepping-stone across the North Sea, both from

east to west and from north to south. Very few birds

breed on the island, but from January to December, with

little cessation, vast multitudes of birds cross and recross

it on migration. Each month brings new arrivals with

the utmost regularity. Some sweep over without alighting ;

others stay a few hours, but seldom beyond a day.

An uninterrupted spell of east wind combined with

frost and snow brings the greatest numbers ; then they

appear, says the author, in " countless multitudes. . . .

Indeed, I have known days on which I have seen, far as

the eye could reach, in all quarters of the sky, swarms of

these birds crossing each other in all directions. . . .

In fact, the whole vault of heaven was literally filled to a

height of several thousand feet with these visitors from

the far North." Ilerr Giitke is no romancer—he deals

with hard facts, and his observations will be invaluable to

the student of migration. He discounts many theories by

his facts, and he believes that the phenomenon of the

migration of birds will never be fully explained. The

many oJ the complicated movements in man, quadrupeds,

birds, fishes, creeping things, and even microscopical

organisms. M. Marey's experiments have been carried

out for the most part at the Parisian Physiological Station,

where unique opportunities were granted to him. How
well he has used those opportunities may be seen in the

study of his book, which will afford interesting and

instructive reading to everyone, and a mine of facts for

speciaHsts to work upon. The value of the process of

chrono-photography in analyzmg movement may be

gathered from the fact that sixty images of a moving

object can be produced per second, and thus every stage of

its action can be traced. This book contains many re-

productions of such photographs and numerous diagrams,

important and useful to all in elucidating the text, besides

being of great value to the artist for correctly depicting

hving creatures in movement.
Xaturf tcrsus Xatttral S.Uvtion. By Charles Clement

Coe. (Swan Sonnenschein.) 10s. 6d. Men of science

are almost of one mind as regards the main fact of organic

evolution, but they are not in unison as to the process by

which the result has been brought about. The great
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majority of scientific men believe that natural selection is

the main agent in the transmutation of species. According

to this doctrine, the selecting power is the struggle for

existence, which secures the survival of the iittest to live

and transmit their species under any given environment.
Mr. Coe is among those who doubt that natural selection

has been the principal agent of organic evolution. " The
object of this work," he says, " is to show that natural

selection tlms dfiimil has no place m the world of nature
;

that if it did exist, other factors of evolution would anticipate

its action in the transmutation of species now going on

;

and last, but not least, that wo have no definite proof of

its action in the early stages of organic evolution." We
must say that Mr. Coe sums up the case in a remarkably
fair manner. He has evidently read practically everything

that has been written on tlie subject, has judiciously

weighed the evidence, and has found it wanting in some
respects. Whatever the apostles of natural selection may
think of his judgment, we are of the opinion that his

impartial criticisms deserve the fullest consideration.

Hints on RejlecthKj and Uifrartimj Telcxcopes, and their

Accessories. iij W. Thornthwaite, F.R.A.S. Cth
Edition. (London : Home ^^ Thornthwaite.) Is. An
exceedingly useful little book for anyone possessing a

telescope or intending to purchase one. The " hints
"

supplied are just of the character required, and are brief

but clear. That it should have attained a sixth edition

shows that it has already been much appreciated ; and as

it has been carefully revised in the present edition, and a

considerable amount of valuable matter added, particularly

with regard to the micrometer, the transit instrument,

and celestial photography, it should meet with a very
cordial reception from all astronomical amateurs.

A Handliook to the Birds of Great Britain. By E.
Bowdler Sharpe, LL.D. Vols. I and II. (W. H. Allen.)

Illustrated. Cs. each. These volumes from the pen of the

editor of Allen's Naturalists' Library will, with two others

as yet unpublished, include a description of every bird

which has been found in Great Britain. Dr. Sharpe has
handled his subject in a masterly style, and the volumes
would be of still greater value were there not so many
standard works available—some more compact and others

more extensive—on the same subject. In the preface to

the second volume the author discusses at length the
much-vexed question of nomenclature. In this Dr. Sharpe
holds his own views,'which differ from many other writers'.

The sooner the whole question is finally settled by an
international conference the better it will be for everyone
concerned. A few of the coloured illustrations in these
volumes are very good, but most of them are exceedingly
poor. When originally issued with the first Naturalists'

Library they were, no doubt, the best obtainable ; but they
will not pass muster when compared with more recent
productions.

The Planet Earth. By Richard A. Gregory, F.R.A.S.
(Macmillan & Co.) The object of Mr. Gregory's attractive-

looking little text-book is to present to students " the facts

relating to the earth's movements and place in the
universe " in a scientific manner. " Celestial phenomena
must be observed before the theories that explain them
can be properly understood," and Mr. Gregory hopes
that his book may " help to revive the observational
astronomy of pre-telescopic times." Such a programme
is a most excellent one, and to a certain extent Mr.
Gregory has carried it out with considerable success. His
style is lucid and pleasing, and the diagrams and illustra-

tions he supplies are clear and good. Yet we fear that he
comes short of his ideal. His first words are a reminis-

cence of the unscientific method he condemns ; the state-

ment that " the earth is a speck in the infinite ocean of

space " precedes the observations on which this inference

is based ; indeed, they do not enter into the scope of the
book at all. The phases of Venus are instanced as a proof

of the Copernican system ; they, of course, only demon-
strate that Venus is a satellite of the sun, not of the earth

—

a view held centuries before the telescope was invented.

It is not easy for the townsman born and bred to enter

into any appreciation of the " observational astronomy of

pre-telescopic times," he is too far removed from them,
and Mr. Gregory wiites like a townsman. As an attempt
to put the teaching of elementary astronomy on an obser-

vational, or, as Mr. Gregory would call it, a "scientific"

basis, or, indeed, as an attempt to improve on the methods
adopted in our best known text-books, we fear Mr.
Gregory's volume is a failure. As a brightly written little

manual on an important portion of the first of sciences it

is to be heartily recommended.
A Text Bool; of the Principles of Physics. By Dr. Alfred

Daniell, M.A., &c. 3rd Edition. (Macmillan.) Illus-

trated. 21s. Here we have a volume for the serious student

of physics ; not merely a useful compendium of physical

facts (like Ganot's " Physics," for instance), but a con-

nected account of the leading principles of modern physical

science, containing nothing but what should be known
and understood by all who profess and call themselves
physicists. To the lay mind the treatment may appear
too strict and mathematical at first sight, but a closer

inspection of the contents dissipates the apparent difficulty,

and shows that an elementary acquaintance with mathe-
matics is quite sufficient to comprehend all the prmciples

described. No preliminary knowledge of these principles

is assumed ; the descriptions are wonderfully clear, and
there is a gradual progression from the simpler to the

more complex parts of the subject. We have no hesitation

in saying that the author presents the modern aspect of

natural philosophy as it ought to be presented—that is, in

the light of dynamics and the law of the conservation of

energy. For this reason we cordially commend the work
to all who are able to assimilate and appreciate the truths

of physics.
!-•-•

SHORT NOTICES.
Fhotograms of '95, compiled by the editors and staff of the

Photogram, is a pictorial and literary record of the best photographic

work of the year. The Tolume contains a number of excellent

reproductions of very beautifid photographs.

A finely illustrated—botli in colour and in pen and ink—edition

of Shakespeare's Merrg Wives of Windsor has just been issued by
Messrs. Raphael Tuck & Sons.

The Children's Shakespeare, also well illustrated, and published

bv the same firm, is a collection of abstracts from Shakespeare
re-written in the form of stories for children.

Old Farm Fairies, by H. C. McCook (Hodder & Stoughton), was
written, the author tells us, some twenty years ago. Mr. McCook is

an authority on American spiders ; but in this book he throws science

aside, and tells, in a way that will interest every child, of the doings

of spiders, under the garb of "pixies." The book is profusely

illustrated with quaint pen-and-ink drawings, some of them being

the work of children.

A Popular History of Animals, by Henry Scherren (Cassell),

ivi-itten for young people, aims at wakening an interest in the obser-

Tation of the habits of animals. The book, which is concisely and
clearly written, is free from all technicaUties, and, considering the

great number of subjects treated of, it is remarkably free from error.

The coloured plates and a large number of engrarings, although not

altogether good, admirably serve their purpose.

Phiisiology, by A. Macalister. LL.U., M.D., F.E.S. (S.P.C.K.),

one of the series of Manuals of Elementary Science, presents, in a
condensed form, the elementary principles of the physiology of man.
It will be found of great value as a first book to the student of

physiology, besides being very useful to everyone as a book of

reference.
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BOOKS RECEIVED.
Prehistoric Man in Ai/rshire. By John Smith. (Elliot Stock.)

Illustrated. 12s. 6d.

The Wild-Fowl and Sea-Fotcl of Great Britain. By A Son of

the Marshes. Edited by J. A. Owen. (Chapman & Hall.) Illustrated.

14s.

Birds from Moidart and Elsewhere Drawn from Xature. By
Mrs. Hugh Blackburn. (David Douglas.) Illustrated.

Euclid's Elements of Geometry. Edited by H. 31. Taylor, M A.

Books 1-6, 8, 11-12. (Cambridge Cuiversity Press.) os.

Molecules and the Molecular Theory of Matter. By A. D. Bisteen.

(Quin & Co.) Illustrated. 8s. 6d.

The Housing of the Working Classes. By Edward Bowmaker,
M.D. (Methuen.) 2s. 6d.

Principles of Metallurgy. By A. H. Hiorns. (ilacmiUan.)

Illustrated. 6s.

First-Stage Mechanics. By P. Rosenberg, M.A. (University

Correspondence College Press.) 2s.

Practical Inorganic Chemistry. By G. S. Turpin, il.A.. D.Sc.

(MacmiUan.) Illustrated. 2s. 6d.

An Almanackfor 1S96. By Joseph Wliitaker, F.S.A.
Dynamo Attendants and Their Dynamos. By A. H. Gribbings.

2ndEdition. (Rentell.) Is.

Annuaire Astronomique pour 1S96. Par Camille Flammarion.
Illustrated. Ifr. 25c.

The Influence of Literature on Architecture. By Arthur T.

Bolton. (London : 9, Conduit Street.) Illustrated.

,
The History of Mankind. By F. Ratzel. Part III. (Macmillau.)

Illustrated. Is.

ITALIAN MEDALS.
By G. F. Hill.

IT
has long been customary to speak of coins and
medals'" together as if they were but species of the

same artistic genus ; and, in so far as method and
technique go to constitute a work of art, the connec-

tion is to some extent justified. But the objects for

which the two thmgs are produced are, it is needless to

insist, totally different. It has been usual to speak of

certain Syracusan coins as "medallions,'' but the only

excuse for the term is the unusually showy and magnificent

character of their design. The beautiful gold piece of

Eucratides, King of Bactria, now at Paris, may be meant
for a medal ; but its weight is equivalent to twenty staters,

and it must therefore remain in the doubtful class. Certain
" show-coins " struck in Germany at various times cannot

be classed with either species exclusively, for they could be

accepted as current coin. But if these are medals, they

are exceptions to the general rule that the medal is not

meant for circulation as a medium of exchange, and should

be regarded purely as a piece of metal work. The Roman
medallions, which were mentioned in a former paper, are

real medals, and were only considered along with Roman
coins for the sake of convenience.

In the matter of medals the ItaUans hold that pre-

eminent position which belongs to the Greeks in coins.

f

Like all the rest of the art of the early Renaissance, the

early medallic art of Italy, while stimulated and inspired

by the art of Rome, is by no means a mere imitation. It is

as distinctively Italian as the sculpture and painting of

the nation. Unlike the art of Greek coins, however, the

medallic art of Italy sprang into being fuUy developed,

and went through no primitive stages hke its sister,

sculpture. Sculpture of very considerable merit had existed

in Italy since the thirteenth century ; but it is not until

* The term " medal ' was, until the present century, used in-

differently for coin (when re|i;arded as a curiosity or preserved in a

collection) or medal—more frequently the former. It is now
restricted iu English to mean the commemorative piece, though
often used by journalists to translate the French medailte, when
that word should be rendered '' coin."

+ See •' Coinage of the Greeks," Knowledge, June, 1S95, and
'• The Coinage of Home," November, 1895.

the middle of the fifteenth century that the medal
can be said to be established as a work of art in

Italy ; for a few exceptional pieces of earlier date need not
be considered. In 13S0 there was born at Verona, Vittore

Pisano, or Pisanello, of whom it may be said that had
Italy produced no other medaUist she would still have
stood at the head of the art. In all essentials Pisano
shows more power and more originality than any of his

successors. The medal is in the majority of cases, at least

in Italy, commemorative of a person
;
portraiture, there-

fore, is an essential element, and such portraits as those of

Leonello, Marquis of Este (Fig. 3), or the Spaniard, Don
Inigo d'Avalos, Marquis of Pescara (Fig. 1), need no praise.

These two have been chosen for illustration because they
show the same hand working in two utterly different ways.
The Italian ruler's bust is in high relief ; the features are

modelled with extraordinary boldness and even severity.

There is nothing redundant, only just sufficient ornament
about the bust to prevent the total effect being bare. With
such a treatment of the head, Pisano has rightly avoided
the bare bust. But contrast with this the soft treatment
of the other portrait ; the delicate features raised in the
shallowest relief from the surface, and shaded by the broad
hat, with the drapery sweeping down in bold lines to

frame the face. Here nothing could be softer or less severe

than the treatment of the flesh, and with it aU there is no
lack of decision.

Pisano seems to have stood alone among his contem-
poraries for the beauty of the reverses of his medals no
less than for his skill in portraiture. As a specimen we
may notice here the reverse of a medal of Alfonso V.,

King of Aragon and the Two Sicilies (Fig. 2), which
represents the king as a boy hunting the boar. Nothing
can be finer than the action of the piece. The boar is

held by the left ear by a hound ; the king has seized it by
its other ear and is about to plunge his sword into its

flank. Behind is seen the tail of a second dog, and there

is a rocky background. Above is the legend Venator
Intrepidvs. The slight figure of the boyish king con-

trasts with the huge mass of the boar, and brings out

all the meaning of the epithet. Pisano was famous for

his delineation of animals ; and the loving care with which
he renders details, and the way in which he loses no
opportunity of introducing an animal into a scene, remind
us of Diirer. Zoologists will perhaps find something to

blame in Pisano's, as in Diirer's, animals. But this

need not detract from our praise of then* picturesqueness

and liveliness. The paintings of Pisano are very rare, but
the National Gallery possesses two, one of which, " The
Crucified Christ appearing to St. Eustace," should certainly

be studied in connection with his medals.
Pisano's pre-eminence must justify the space here

devoted to him at the expense of his successors. Of these,

two must be mentioned here ; Matteo Pasti, of Verona, and
Speraudio, of Mantua. The former was actually a pupil of

Pisano, and it is possible to trace a resemblance in style

between the work of master and pupil. The bust of the

celebrated condottiere, Sigismondo Pandolfo di Malatesta

(Fig. 4), is as fine as anything by Pisano himself. The
reverse of Pasti's medal gives a view of Sigismondo's
castle at Rimini. The representation of a building is a

feat which almost every medallist thinks within his power,

• " This man," says Symonds, the historian of the "Renaissance in

Italy" (Vol. I., p. 157), is " a true type of the princes who uuited s

romantic zeal for culture with the vices of barbarians." The last

phrase is hardly strong enough for the villauies which Sigismondo
committed, and with which his face, as here depicted, is in thorough
keeping. His portrait was also made by Fisauo, and the medais
should be compared with the splendid relief on the bate of a column
in the cathedral at Rimini.
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if we may judge by the number of attempts ; but it is

hardly too much to say that Pasti has succeeded in

adapting tlie view to tlie allotted space, and in catching

the true perspective of the rugged keep and towers, where

ninety -nine out of a hundred would have failed.

Sperandio of Jklantuii worked in the latter half of the

fifteenth century, and stands some way behind the two

artists already mentioned, except in the excellence of his

portraits. It will he sullicient to notice his bust of

Federigo del Montefoltro, Duke of Urbino (Fig. 5).'

The reverse of the medal, representing the duke on

horseback, is vigorous, but the proportions of the

figures are not as good as they might be. Before

leaving this period we may notice another portrait,

that of GiCvanui Tornabuoni (Fig. 7). Unlike the

men already mentioned, Tornabuoni was a peaceful citizen

of Florence, of one of that city's most distinguished

families. The modelling of the face, and notably the

delineation of the eye, is excellent. The reverse, which

is remarkable for its fine simplicity, represents Hope looking

up at the symbol of the Trinity.

It has been rightly remarked that there is a distinct line

traceable between the work of the fifteenth century and that

of the sixteenth. We pass in a.d. 1500 from a series of

medals which are, as a rule, large in size, simple in

treatment—in fact, so many small pieces of sculpture in

relief—to a series which are smaller in size, more
elaborate and sometimes even finicking in treatment, and
frequently under the influence of painting.! There is, in

fact, a (hfference between the medallic work of the fifteenth

and sixteenth centuries more or less parallel to that

between Greek sculpture of the fifth century and the

work of the age succeeding Alexander the Great. Great
skill in pure technique goes side by side with, or, rather, is

the cause of this change in character. The number of

medalUsts naturally becomes larger : Francesco Francia,

the painter ; Benveuuto Cellini, the sculptor and chaser ;

Valerie Belli, Annibale Fontana, Lione Lioni, Pomedello,
Pastorino of Siena, C'avino the Paduan, Federigo
Bonzagna, are only a few of the more famous names.
Some of these artists did work which in style cannot

be strictly separated from that of their predecessors

of the fifteenth century. A good instance is the portrait

by Pomedello of an unknown lady (Fig. 0). On the

obverse, the simplicity of treatment, the partition of the

relief into masses contrasting sharply with each other and
with the background, and not fading into each other, is

characteristic of the earlier period. When we analyse the
relief we find it to consist of three main parts—face, hair,

and bust, the throat being subordinate in efi'ect. Yet, in

spite of this clear demarcation of parts, the whole relief is

perfectly harmonious, and no part is treated so much in

detail as to draw the attention away from the rest. This
simplicity, one might almost say naircte, of composition
becomes rarer as time goes on. The reverse of this very
medal, finely conceived as it is, seems to belong to another
period in its elaborate richness of design and crowded field.

Pomedello, then, is to be regarded as representing the
transition from the fifteenth to the sixteenth century.

* Federigo is one of tlie too rare redeeming characters of his
age; an entluisiastic jiatron of the arts and sciences, a general
unrivalled in the art of war as it was understood in his day, a plain
dealer; in fact, a model prince, and none the less a model husband.

t As Keary {British Museum Guide to the Exhibition of Italian
Medals, p. xi.) remarks :

" At the beginning of the fifteenth centurv
thc early school of Italian sculpture reached its higliest point of
beauty in the hands of Ghiberti (13761455), and of Donatello (1386-
1466). . . . After tlie time of Donatello the painters descrvetUv
outweighed the sculptors as a body in public estimation."

A famous medal by Annibale Fontana, who died in 1587,

and is also known as a sculjitor and gem engraver, takes

us I'lii'ther on into the style of the sixteenth century. The
portrait is that of another and later d'Avalos, Mai'quis of

Pescara, a well-known general and author. The work errs

by over-elaboration, particularly as regards the drapery of

the bust, in comparison with which the head is almost

insignificant. The reverse (Fig. H) represents Hercules,

with his foot on the dragon, plucking the apples of the

llcsperides. An elaborate landscape, with the sun rising

over a city, is seen in the background. The detail is

admirable, but out of place ; the fine proportions of the

main figure only lose by being set against such a back-

ground. In a painting—and it is a painting which the

work suggests—that background could have been made to

take its proper place ; in a relief, the absence of colouring

makes this impossible. The "pictorial" treatment of a

subject in a relief may lend it considerable charm ; but

the artist here has not understood the limits of his art.

The unknown maker of the medal of Antonio de Leyva
(Fig. 11) has succeeded better. In this piece there is not

the same discord between the figure of b'ame in the

foreground, and the landscape— hardly less elaborate

(considering the smaller size of the inedal) than that of

Fontana—behind it. The portrait of Dc Leyva, again, is

a beautiful example of the pictorial treatment of a bust.

Its date is some time between 1.533 and 15.S6.

One of the most prolific of portrait medallists in this age

was Pastorino de' Pastorini, a native of Siena. A large

number of his medals have no reverse, and the character

of the obverses hardly leads us to expect any great

originality in design. The portraits are admirably finished,

but, as in the work of most artists who devote themselves

chiefly to portraiture, they tend to become a little

mechanical. One of his most pleasing busts is that of

Buenaventura di Gruamonte (Fig. 9), dated 1557.

Pastorino died about 1591.

There is one class of Italian medals which has been a

source of considerable trouble to collectors of Roman coins
;

these are the so-called " Paduans." It was at Padua that

the earliest knowu Italian medals were made in 1390, and
at this ancient university city lived Petrarca, the first man
who is known to have collected Eoman coins. In 1300
the lords of Padua had two medals struck bearing their

likenesses, but in style resembling Eoman bronze coins
;

but the medals known especially as "Paduans" are the

careful imitations made by Giovanni Cavino and Alessandro

Bassiano in the sixteenth century. Very often these

imitations are so skilful that only an eye long experienced

in the Italian style can distinguish them from originals.

The difficulty is sufficiently illustrated by the Paduan
medal of x\grippina the Elder (Fig. 13), which we give side

by side with the Roman coin from which it is copied

(Fig. 12). Differences in the lettering, in the metal, in

small details of every kind, but, above all, in the general

feeling of the composition, have to be considered in order

to decide between Paduan and Eoman. Broadly speaking,

the Paduan is the more elegant, the Eoman the stronger

piece of work.

The interest of all the medals which we have described

so far has been almost purely personal. Only a few Italian

medals can be cited which refer to events of a more
historical interest. Of these, the best known—at least, in

Protestant countries—is, without doubt, the inedal struck

under Pope Gregory XIII. in 1572 in commemoration of

the Massacre of the Huguenots (Fig. 10). The destroying

angel is represented advancing with sword and cross

against the Huguenots. The medal, which is not otherwise

than historically interesting, is by Federigo Bonzagna.
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The changes in style which we have described are, as

we have said, accompanied and partly caused by a change
in technicjuc, which we may now proceed to consider.

The early Paduan medals wore struck from dies, like the

coins of the period. liut from 1390 onwards for nearly

a century very few medals were struck. The workmen
who cut the coin-dies of the period could only work La low
relief, and it was difficult to make dies which would stand

the strain of being struck on large masses of metal. The
result was that most of the medals of the fifteenth century

were cast by the cire perdue process. It was thus possible

to obtain large pieces in high relief, a relief which it would be

difficult to obtain even with the hydraulic press of the

modern medallist. The use of the casting process left the

artist a free hand in design ; he modelled the two sides of

the medal in wax, instead of painfully engraving the dies for

them on some hard metal. The soft material naturally

enabled him to work boldly and in high relief. The wax
models were then impressed in some casting material—fine

sand or charcoal—and the two sides placed together. The
wax having been molted out, the mould was complete. The
first proofs were often taken in gold or silver, but extant

specimens in these metals are excessively rare ; some of

those supposed to be originals are apparently later casts.

The ordinary medal was cast in bronze or lead. The
latter metal was probably used because of the low tempera-

ture at which it melts, as well as because of its softness.

This was an important quality when the process of casting

was employed, because any roughness and inequalities left

by the mould had to be removed with the chasing tool.

From one of the original medals moulds could be made,
and in this way old medals were reproduced down to a late

date. These later pieces are somewhat smaller than the

older ones, owing to the shrinkage caused by cooling, and,

of course, the later the copy the worse the style.
'

Early in the latter half of the fifteenth century there was
born at Venice, Vittore Gambello, better known as Camelius.

He was a goldsmith, a sculptor, and an engraver of coin-

dies, as well as a medallist. He was popularly supposed

to have been the first to strike medals, but, as Friedliinder |

has shown, and as we have seen, medals were struck at a

very much earlier period. What he did was to bring the

art of striking to a higher degree of perfection, so that

deeper relief could be obtained. He is last mentioned in

1523. In the sixteenth century almost all the medals were
struck from dies. The influence of the struck medals
naturally extended itself to those which were cast. Hence
a smaller size, lower relief, minuter detail, and, as a rule,

less bold design. The work very often resembles that of

the jeweller or gem-engraver, and, as we have seen, the

influence of painting was not unfelt. The influence of the

change in technique may best be seen in such an artist as

Pastorino, of 8iena, whose work we have already mentioned
as showing great finish. He seems to have devoted himself

to obtaining the delicacy and fineness of struck work on a

cast medal, and to have done so with success, for it is

sometimes hard to believe that his pieces are not struck,

so clean and sharp are they in execution.

By the end of the sixteenth century the best traditions

of medallic art had become faint in Italy. A large series

of medals continued to be issued, especially by the Popes,

but the work is decidedly inferior. The best-known
medallists are, perhaps, Antonio Moro and Giovanni Mola,

who both worked in the seventeenth century. They were
followed later by Otto TIamerani (1091-1768), one of the

* Of t.lio medals represcutotl in tlie pliite, all are of bi'onze save

throe (Nos. 8 and 9 of load, No. 10 of silver). Nos. 1 to 9 and tl are

cast, tlio rest struek; Nos. 1, 2, 3, 4, 7, and 11 have also been oUased.

t Die Italieiiisi'hen Sclianmiinzeii, p. 3.

medallists of the Papal Court, who is well known as an
engraver of medals for the exiled Stuart family. But
long before this time we have to turn to other countries

for medals that have either high artistic or high historical

interest.

Those who wish to follow up the subject, of which only

the barest outline has been given above, will find full

information and plentiful illustrations in Friedlilnder's I>ie

Italienischen Sc/ianmiin^en des loten Jahrhunderts, and
Heiss's Li's Medailleurs de la Ixenaksanci'. These are large

and costly works ; but the British Museum Guide to the

K.rhibitiun of Italian Medals is within the reach of most
purses, and its illustrations are among the best of their

kind.
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Don Inigo d'Avalos. By Pisano. Bronze. Cast and clia.sed.

Alfonso V. hunting the Boar. By Pisano. Bronze. Cast

and ehased.

Leonello d'Este. By Pisano. Bronze. Cast and eliased.

Sigismondo Pandolfo di Malatesta, Eev. Castle of Rimini.

By Pasti. Bronze. Cast and chased.

Federigo del Montefeltro. By Sporandio. Bronze. Cast.

Unknown Lady. By Pomedello. Bronze. Cast.

G-iovanni Tornabuoni. Bronze. Cast and chased.

Hercules in the Garden of the Hesperidcs. By Fontana.

Lead. Cast.

Buonarentura di G-ruamonte. By Pastorino. Lead. Cast.

Massacre of the Huguenots. By Bonzagna. Silver. Struck.

Fame. Bronze. Cast and chased.

Eoraan Coin struck in Memory of Agrippini the Elder.

Bronze. Struck.

Imitation of No. 12. By Cavino. Bronze. Struck.

PARASITIC FLOWERING PLANTS.-THE
MISTLETOE AND DODDER.

By J. Pentland Smith, M.A., B.Sc.

ALL plants may be grouped into two classes, accord-

ing to their possession or non-possession of chloro-

phyll, and the latter class is sub-divided into two

groups, one of which is composed of those

organisms that prey upon other living organisms,

and the other of those plants which hve on the dead

bodies of once living beings. The name, parasite, has

been reserved for the members of the first group, and

the plant or animal attacked is called the host ; while the

members of the second are characterised as saprophytes.

Fungi (mushrooms, moulds, etc.) compose by far the

great majority of parasites and saprophytes, but the

flowering plants are by no means unrepresented in either

category.

The most familiar example of a parasitic flowering plant

is one that flourishes in England, and is much used for

decorative purposes at Christmastide. The mistletoe

grows abundantly in the South and West of England and

on the Continent. Its stem is stout, and much branched

in a regular manner. The main branch produces a flower,

and further apical growth then ceases. l>ut two lateral

branches arise at the same level below the flower. These

in turn bud and flower, but, before doing so, they pro-

duce two lateral branches like the parent stem. As

the flowers die away it appears as if each branch had

in turn divided into two branches. The evergreen

leaves are lance-shapod, and they and the stems have

either a dark or yellowish-green hue. Some plants bear

male flowers, others bear female. Both kinds of flower

are inconspicuous. The fruit is white, with a very viscid

juice. It is almost universally believed that the mistletoe

occurs on the oak. This tree is rarely its host; it
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grows chiefly on the apple, pear, service tree, hawthorn,

and occasionally on limes, poplars, willows, and lir.s.

The accompany in- illustration (Fig. 1) is from a plioto-

FiG. 1.—Mistletoe growing on a Crabtree.

graph, kindly provided hy Mr. Geo. Paxtou, of a plant

grovring on a Siberian crabtree. This mistletoe is a

very large one, being five feet three inches in height and

fourteen feet six inches in circumference.

The young mistletoe, while still enclosed by the seed

coat, contains the green colouring matter chlorophyll. This

is an unusual circumstance, as chlorophyll is developed, as

a rule, only in tissues exposed to sunlight ; and equally

anomalous is its presence in the cells of the nourishing

matter surrounding the embryo. When the seed germinates,

the part of it below the cotyledons,

the radicle as it is termed, emerges
first from the seed coat. It is im-

mediately brought into contact

with the bark of its host. " This

is the case even when the seed

chances to stick with the radicle

of the seedling pointing away from
the branch ; the whole axis of the

embryo curving towards the surface

of the bark in a very striking

manner." The radicle then
presses itself against the tree,

and at the same time becomes
disc-shaped. Then from its

centre a growth arises which

pierces the stem of the host and penetrates as far as the

wood. This portion is called a sinker, borer, or haustorium.

Fig. 2.—T rans V 1-

:

section of Tliorn Acacia

with Mistletoe.

It is shown in longitudinal section in Fig. 2, which is a

transverse section stem of the " thorn acacia " on which a

mistletoe plant has fastened itself.

Let us now glance brielly at the structure and functions

of the component parts of the stem of a green plant that

yearly increases in thickness, in order that we may be in a

position to appreciate the relations existing between the

parasite and its host, ^^'o shall examine the transverse

section of the stem of the mistletoe itself, an illustration of

a portion of which is given in the accompanying sketch

(Fig. 3). The central part of the stem is at first occupied

by a cylinder of pith (ji),

whose thin-walled cells, as a

rule, become obliterated later

on. Surrounding it is a zone
of wood (.n/), composed of

cells and tracheic. The cells

contain protoplasm, and so

are capable of further growth.
The trachere are devoid of

protoplasm. The cells act as

storehouses of starch, while

the trachetB are the rapid

carriers of " crude " sap from
the roots to the leaves.

Outside the wood is a layer

or layers of cells, to whose
activity is due the increase

of the stem's girth. It is

termed the cambium (en).

The cambium is enclosed by
the phloem (pJi). In the

mistletoe it appears in wedge-
shaped patches in cross-

section. Its constituents are

ordinary cells containing

protoplasm, and sieve-tubes ;

the latter are cells whose
horizontal, and sometimes
also lateral, walls are pierced

by holes, giving them the

appearance of sieves. The
phloem conducts elaborated

food-material from the leaves

to wherever growth is going

on. Much of this food is of

a colloid nature, and so it is

necessary to provide aper-

tures to enable it to pass

rapidly from one place to another. The xylem, phloem, and
cambium are almost invariably associated the one with the

other, and in young annual stems, such as the Common
Sunflower, or in the leaf-stalks of the Ehubarb, form the

stringy fibres so noticeable when these structures are

broken across. These strings are known as the vascular

bundles, and as fibrous strengthening material is often

associated with them (for purposes of support) they have
received the name of fibro-vascular bundles.

By the division and sub-division of the cambium cells

yearly, zones of wood and phloem are produced ; but the

wood increases disproportionately to the phloem, and ulti-

mately forms the main portion of the stem. To the

tissues encircling the vascular bundles the name cortex (c)

is applied. The outer cortical cells contain chlorophyll,

and so are active in carbon assimilation. The epidermis

(ep) is the layer of cells enclosing the cortex ; its outer

walls are corky, and so prevent the evaporation of slow

currents of water passing fi'om the roots to the

leaves. When the epidermis becomes ruptured during

Fio. 3.—Transverse section of

Stem of Mistletoe : ep, epidermis

;

c, cortex
;
ph, phloem ; ca, cam-

bimn; x^, xylem (wood)
; p, pith.
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the later stages of growth, its place is taken by cork
developed by the divisions of one of the outer layers of
cortical cells.

Now, all these structures (with the exception of vessels

in the wood) can be seen in the stem of the mistletoe. As
a rule chlorophyll is present only in the outer cortical

layers of a stem and in certain cells of a leaf, but in the
mistletoe almost all the cells of the plant, stem, root, and
leaves, are filled with the green colouring matter. The
ramifications of the parasite in the tissues of the host are
thus easily detected.

The haustorium, developed from the inner parts of the
radicle, passes through the cortex of the host-i^lant until it

arrives at the wood, which, however, it does not pierce.

But next year we find its apex buried in it ; the cambium
cells of the host have developed new wood, which has sur-

rounded the haustorial tissues. It is clear that the
continued production of fresh sylem year by year would
result in the destruction of the haustorium ; but provision

is made to obviate this. The cells situated near the apex
of the haustorium of the first year divide up in such a
maimer as to cause it to increase in length just as much
as the wood of the host increases in thickness, and simul-

taneously an increase in girth occurs, so that in a trans-

verse section of the host (Fig. 2) the sinker apj)ears wedge-
shaped. It is thus manifest that year by year the haus-
torium becomes more deeply embedded in, and tiius nlore

intimately fixed with, the wood of the plant on which it is

parasitic.

The part of the haustorium in the cortex of the host is

composed of a central cylinder of numerous tracheides,

surrounded by thin-walled cells densely filled with proto-

plasms ; this is enclosed by a cortex of thin-walled cells

becoming thick-walled towards the periphery. The portion

of the sinker that has become embedded in the wood
possesses a large number of tracheides uniting directly at

its sides, but not at its tip, with the wood of the host.

Surrounding these are cambium-shaped cells. In a line

with the cambium of the host-plant are layers of cambial
cells, from which originate lateral branches. The parasite

is thus immediately connected, and very intimately, with
the wood only of its host.

Now, this is just what might be expected. For the

possession of such an abundance of chlorophyll renders it

perfectly autonomous in the work of carbon assimilation.

It is thus quite independent of its host for the carbon and
oxygen necessary for the building up of protoplasm ; all it

requires from it are water and inorganic salts. These we
know, after their absorption from the soil by the root-

hairs, are carried up by the wood of the host. The
intimate fusion of its wood-elements with those of the

mistletoe ensures the passage of those inorganic substances

into the body of the parasite.

The mistletoe is thus only a partial parasite. It merely
obtains the inorganic portion of its food-supply from its

host, and on it it appears to exert no baneful effect. The
host, nevertheless, cannot be nourished in turn by the

parasite, owing to the absence of sieve-tubes in, and the

presence of thick-walled cells at, the periphery of the

haustoria, bordered generally by dead phloem ceUs of the

host.

There are other parasitical flowering plants whose elfects

upon their hosts are by no means of the harmless nature
of those of the mistletoe. The dodders (species of Cuseuta)

are examples of such. They are found in all parts of the

world. One of them {Cuseuta trifolii) attacks clover, and
its ravages at times are exceedingly destructive. It is said

to be a variety of Cusntta epilltymum that attacks thyme
and allied plants. Two other species are found in the

British Isles

—

Cuseuta epilinum, which, as its name implies,

is parasitic upon flax {Luium), and Cuseuta Europcea, a
parasite on the nettle, hop, &c. The clover dodder spreads

over its host so as to leave a field of bright green clover a

mass of yellowish tangled thread-like stems. The seeds of

the dodder are doubtless sometimes sown along with the

clover seeds. In nature they fall from their seed capsules

in autumn, remain on the ground over winter, and ger-

minate the following spring, but a month later than the

majority of other plants. By the time the embryo emerges
from the seed the seedling clover has attained a fair size,

and plants of perennial growth have developed their young
shoots. The seed contains a mass of endosperm or

nourishing matter, which ministers to the nourishment
of the young plant during the early stages of its growth.

As in the case of other flowering plants, the root is the

first part to emerge from the seed-coat, but, unlike the
majority of these, it is unprovided with a root-cap, although
it is clothed with numerous short hairs. The root scarcely

enters the soil. Owing to its persistent parasitism, its

original structure has become much altered. Its central

axis no longer possesses vessels, as in other roots, to enable

the rapid conduction from the soil of water containing

nutritive salts, or sieve-tubes to convey elaborated sap to

growing parts ; but instead it consists of a cylinder of cells

densely filled with protoplasm, whose elongated form gives

a hint as to what w-ould occur were the plant to Uve again
an independent existence.

The root enters the soil or creeps along the ground for a

short distance. The stem bends slightly above the sm-faco

of the soil, and circumnutation then takes place to enable
it to come in contact with a support. The moisture
absorbed by the root hairs, if the plant grows in a damp
atmosphere, is sufiicient to convert all the reserve material
in the seed into forms available for the nutrition of the
seedling, and the stem then grows apace and may attain a
length of a few centimetres ; but should the surroundings
.bo dry its growth is materially lessened, both in lenixth and
thickness. The apex of the sten; by-and-bye emerges from
the seedling, and it is seen to be devoid of cotyledons or

seed leaves. The root .soon dies away, and the food-material
contained in it is passed on to the growing part of the stem,
thus aiding it to further

increase in size. The
basal portion of the

stem also dies away, and
the food material there

is also conveyed to its

apex. Thus, should the

stem fail to come into

contact with a suitable

support before the death
of the root, there is

additional help given to

enable it so to do. The
direction taken by the

circumnutating stem is

from left to right, and
the first few spirals

formed arc very close.

This prevents the Cuseuta stem being thrust off the host

by its own rapid growth.
The stem bears scale leaves only, and in their axils

arise flowers and branches. No chlorophyll, or. at

most, the merest traces are developed in the plant

;

consequently it must be wholly dependent on green

plants for its supply of food. Such is found to be the

case, ard the mode in which it obtains this we shall now
inquire into.

Fig. 4.—Stein with Dodder fast«netl

to it : D, Roildcr stem ; f, its flowers ;

ir, stem of Uost»
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"Fia. 5.—Transrci'sp section : D, Doiltlei- stem
;

n, st-em of liost ; .Tt/, xyloiii (wood); p/i, pliloi'iii

;

c, cortex
; p, pitli ; .n/', ph', xylem and pbloem

of haustoriiim ; .17/", ph.", tlie same of host stem.

In Fig. 4 is shown a part of the stem of a plant around
which a dodder has wound itself; A is the stem in question,

(/ the stem of the dodder, and / its ilowers. Fig. 5 is a

section of the same stem, and shows the maimer in which
the dodder lias fastened itself to it. It may he noted in

passing that when the Cimmta seedling comes in contact

with dry, innu-

tritions support,

it does not twine

itself about it,

although, as Von
Mohl ' notes, the

same plant would
encircle tightly

the stem of a

nettle, for in-

stance, in nine

hours. There is

an obvious ad-

vantage in this,

as in dry weather
the support
would absorb
water fi-om the

slender stem.

When the Cus-

ciita has once
iiecomo attached

to a nutritive

support, it may afterwards twine round a support from
which it can derive no nourishment. At frequent intervals

in the close spiral where the stem is brought into intimate

contact with the support, small lenticular protuberances
make their appearance. The origin of these can be
studied by making a number of sections through that

part of the stem.

Through the thin-walled papillate epidermal cells a
ferment is excreted, which attacks the ei^idermal cells of the

plant around which the Cuscuta is entwined, and ultimately
dissolves them. While this is going on the haustorium
is increasing in size ; it dissolves its way through the over-
lying cortical parenchyma until it reaches the exterior.

Then it passes into the host-plant by the entrance already
prepared for it by the epidermal cells, and proceeds
towards the centre of the stem. It eats its way through
the cortical cells of its host by means of a ferment secreted
by its elongated apical cells, the material of the dissolved

cells furnishing it with fresh supplies of nutriment. This
provides the cells situated behind the apex with energy,
that enables them to increase in size and then divide up.
In this manner the haustorium increases in length ; the
dissolution of the host-cells and its own elongation pro-
ceeding simultaneously. Should the vascular bundles of
the host be far apart the haustorium grows into a medul-
lary ray, and then develops to a greater extent laterally

than apicilly, and so applies itself to one of the bundles.
Should the bundles be pretty close to one another it grows
equally on both sides, and thus attaches itself to both
bundles. This is what has happened in the specimen
figured (Fig. 5). The phloem of the haustorial bundles
(/)/(') has attached itself to the phloiim of the host-bundles
(pli") at X, and the xylem of the haustorial bundles (xi/)

has united with those of the host (.ry") a.t X.
There are many points of interest in connection with

the relations existing between the dodder and its host,
the recounting of which would take us beyond the limits

of this paper.

* " Annuls of Botany," A'ol. viii., p. 75.

THE FACE OF THE SKY FOR JANUARY.

By Herbert Sadler, F.R.A.S.

SUNSPOTS and faculfc are still to be observed in con-

siderable numbers on the solar disc. Conveniently

observable minima of Algol occur at llh. 12m.
P.M. on the 14th, 8h. Im. p.m. on the 17th, and
'Ih. 50m. P.M. on the 20th.

Mercury is an evening star, but is too near the Sun to

be seen during the lirst portion of the month, and after-

wards his great soutlicrn declination somewhat interferes

with observation. On the 11th he sets at 5h. 13m. p.m.,

or about one hour after the Sim, with a southern declina-

tion of 21° 7', and an appai-ent diameter of 5}/', -Yu'ij^hs of

the disc being illuminated. On the 21st he sets at Gh. 8m.
P.M., or one hour and a quarter after the Sun, with a

southern declination of 15° -10', and an apparent diameter
of 6^', TBa^li^ of ^^^ "^'sc being illuminated. On the

31st he sets at Gh. IGm. p.m., or about one hour and
a quarter after the Sun, with a southern declination of

11° 2', and an apparent diameter of 8|", T^.l'^ths of the

disc being illuminated. He is at his greatest eastern

elongation (18i°) on the 25th. While \isible he describes

a direct path through Capricornus to the confines of

Aquarius.

Venus is a morning star, but is rapidly diminishing in

brilliancy, and her great and increasing southern declina-

tion rather militates against her successful observation.

On the 1st she rises at 4h. 21m. a.m., or about three hours

and three-quarters before the Sun, with a southern decli-

nation of 17° 3', and an apparent diameter of 18", y'Vi'jths

of the disc being illuminated. On the 11th she rises at

4h. 45m. A.M., or 3h. 20m. before the Sun, with a southern

declination of 19° 44', and an apparent diameter of I65",

^/jths of the disc being illuminated. On the 21st she

rises at 5h. 7m. a.m., or 2h. 50m. before the Sun, with a

southern declination of 21° 13', and an apparent diameter

of 15f", yVo*''^s of the disc being illuminated. On
the 31st she rises at 5b. 25m. a.m., with a southern

declination of 22° 0', and an apparent diameter of 14f",
three-quarters of the disc being illuminated. During
January she describes a direct path through Scorpio into

Ophiuchus.
Mars, Saturn, and Uranus are, for the observer's pur-

poses, invisible.

Jupiter is a resplendent object in the evening sky, being

in opposition to the Sun on the 25th. On the 1st he rises

at 6h. 5m. p.m., with a northern declination of 1U° 8', and
an apparent equatorial diameter of 45f". On the 11th he
rises at 5h. 19m. p.m., with a northern declination of

19° 28', and an apparent equatorial diameter of 46',". On
the 21st he rises at 4h. 32m. p.m., with a northern declination

of 19° 48', and an apparent equatorial diameter of 46^".

On the 31st he rises at 3h. 42m. p.m., with a northern

declination of 20
'
8', and an apparent equatorial diameter

of 46^''. At the beginning of the month he is about
1° N. of S Cancri, and continues a retrograde path
through Cancer during the month, passing through the

outlines of the scattered cluster Pr^sepe. The following

phenomena of the satellites occur before midnight on the

days named, while the planet is more than 3° above and
the Sun 8° below the horizon :—On the 1st an eclipse dis-

appearance of the first satellite at 8h. Gm. 41s. p.m., and
its occultation reappearance at lOh. 57m. p.m. On the

2nd a transit egress of the shadow of the first satellite at

7h. 44m. P.M. ; and its transit egress at 8h. IGm. p.m. On
the 3rd a transit ingress of the shadow of the second

satelUtc at lOh. 9m. p.m., and the transit ingress of the
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satellite itself at llh. 9m. p.m. On the ?th, at 7h. 59m.
P.M., a transit egress of the third satellite. On the 5th
an occultation disappearance of the second satellite at

9h. 6m. P.M. On the 8th an eclipse disappearance of the
iirst satellite at lOh. Om. 27s. p.m. On the 9th a transit

ingress of the shadow of the first satellite at 7h. 19m. p.m.,

of the satellite itself at 7h. 41m. p.m. ; a transit egress of

the shadow at 9h. 38m. p.m., and of the satellite itself at

lOh. Im. P.M. On the 10th an occultation reappearance
of the first satellite at 7h. 7m. p.m. On the 11th a transit

ingress of the thii'd satellite at 7h. 3Gm. p.m. ; a transit

egress of its shadow at 9h. •57m. p.m., a transit egress of

the satellite itself at llh. 15m. p.m. On the 12th a transit

ingress of the fourth satellite at 6h. 43m. ; an eclipse

disappearance of the second satellite at 7h. 53m. 23s. p.m.;

a transit egress of the shadow of the fourth satelhte at

8h. 36m. p.m. ; an occultation reappearance of the second
satellite at llh. 21m. p.m. ; a transit egress of the fourth

sateUite at llh. 26m. p.m. On the 15th an eclipse dis-

appearance of the first satellite at I Ih. 34m. 233. p.m. On
the 16th a transit ingress of the shadow of the first

satellite at Oh. 12m. p.m., of the satelhte itself at 9h. 24m.
P.M. ; a transit egress of the shadow at llh. 32m. p.m., and of

the satellite at llh. 4om. p.m. On the 17th an eclipse

disappearance of the first satellite at 6h. 22m. 51s. p.m.,

and its occultation reappearance at 8h. 51m. p.m. On the

18th a transit egress of the shadow of the first satelLLte at

6h. Im. P.M., of its shadow at Oh. 11m. p.m. ; a transit

ingress of the shadow of the third sateUite at lOh. 19m.
P.M., and of the satellite itself at lOh. 51m. p.m. On the

19th an echpse of the second satellite at lOh. 29m. Is. p.m.

On the 21st a transit egress of the shadow of the second
sateUite at 7h. 30m. p.m., of the sateUite itself at 7h. 39m.
P.M. On the 23rd a transit ingress of the shadow of the

first sateUite at llh. 7m. p.m., and of the satellite itself at

llh. 8m. P.M. In this case, and on the 25th, the shadow
may be occulted by the satellite. On the 24th an occulta-

tion disappearance of the first satellite at 8h. 14m. p m.,

and its reappearance at lOh. 34m. p.m. On the 25th a
transit ingress of the first sateUite at 5h. 34m. p.m., of its

shadow at 5h. 35m. p.m., ; a transit egress of the satellite

at 7h. 54m. p.m., and of its shadow at 7h. 55m. On
the 28th a transit ingress of the second sateUite at

Oh. 58m. P.M., of its shadow at 7h. 11m. p.m. ; a transit

egress of the satellite at 9h. 53m. p.m., and of its

shadow at lOh. Gm. p.m. On the 29th an eclipse

reappearance of the third at 7h. 43m. 25s. p.m. On the

31st an occultation disappearance of the first satellite at

Oh. 58m. P.M.

Neptune is an evening star, rising on the 1st at 2h. 11m.
P.M., with a northern declination of 21° 15', and an apparent
diameter of 2-7". On the 31st he rises shortly after noon,
with a northern declination of 21 ' 12'. During the month
he describes a short direct path just to the south-east of

I Tauri. He wiU be in conjunction with the 6:j^ magnitude
star B.A.C. 1555 at about 2h. a.m. on the 19th; 4^ to

the north of the star. A map of the stars near his path
will be found in the Enqlish Mcchunic for August 16th,

1895.

January is a favourable month for shooting stars, the

most noted shower being that of the (Jwclrnntiih, the

radiant point being in E.A. 19h. 12m., and 53^ north
declination

; the greatest display being visible during the

morning hours of January 1st to 3rd.
The Moon enters her last quarter at 3h. 25m. p.m. on

the 7th ; is new at lOh. 19m. p.m. on the 14th ; enters her
first quarter at 2h. 42m. a.m. on the 23rd ; and is full at

8h. 55m. A.M. on the 30th. She is in perigee at 4h. a.m.

on the 4th, and in apogee at 5h. a..m. on the 20th.

Cljrss Column.
By C. D. LococK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of December Problems,

No. 1.—(A. C. ChaUenger.)

Key-move.—1. P to Kto.

n 1. . . . E X P (Kt4), 2. B X Etch, &c.

1. . . . R elsewhere, 2. QxPch.
1. . . .BxP, 2. Q toB4ch.
1. . . . Kt moves, 2. Kt to K3ch7
1 PxKt, 2. QtoQ4ch.

CoKRECT Solutions received from G. A. F. (Brentwood),
W. WUlby, J. T. Blakemore, and A. H. Walker.

No. 2.—(A. G. FeUows.)

Author's Key.—1. Q to Qsq.

This problem, which was received too late for examina-
tion, appears to admit of four other solutions, viz :—1. R
to QBsq, 1. Kt to Q3, 1. Kt to Q7, and 1. Q to Kt4.

Correct Solutions received from J. T. Blakemore (4
Solutions), G. A. F. (Brentwood) (2 Solutions), W. WUlby,
H. S. Brandreth, Alpha (2 Solutions), J. Lamond, W. W.
Strickland, and A. H. Walker.

W. Willbtj and G. A. F.—Quite right as to the dual ; but
in the presence of the graver defects it may pass un-
noticed.

J. IF. R. Wats,m.—Ji 1. Kt to B7ch, K to B4.

Alpha.—Q to B6ch will not solve the sui-mate. After

1. . . . P xQ, 2. Kt to K3ch, K to Q5ch, the Knight can
cover. Your solution could not be acknowledged last

month. This page had gone to press some days before it

arrived.

A Norseman.—It is too late now to " ignore " your
correct solution to November problem (No. 2|. At the

same time we place on record your protest against the

appearance of a problem with a capture for the key-move
simultaneously with our remarks on problems of this

nature. It should be observed, however, that the Pawn
captured was not a movable one.

J. T. BlaI.emore.—Thanks for the problem. We wiU
examine it, and hope to insert it next month.

THE EIGHT QUEENS PROBLEM.
Probably most Chess-Players are aware that it is possible

to place eight Queens on a Chess-Board in such a manner
that no Queen can play to a square occupied by any other

Queen ; but, possibly, some may be surprised to learn that

there are ninety-two ways of performing the feat, and may
be ignorant of the laws which connect the various methods,
and of certain curious coincidences revealed by a study of

the positions. At the present season such an examination
may prove interesting, if not entirely profitable ; and we
shall begin by a simple enumeration of the ninety-two

possible positions, reserving our remarks on them for a

future occasion. We have divided the positions into four

classes (A, B, C, D,) according to the position of the

Queen on the Queen's Rook's file, and labelled each position

with a Greek letter. In many cases the same letter is

used. When this occurs it will be found that the positions

are rendered identical when the board is turned round.

We have used the German form of notation, and give a

diagram to explain it. lQI'"' '^ *>^ ! KKt5 is g."), and so on.]
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Black,

Here, then, are the positions, which anyone who works
methodically can discover for himself in an hour or two.

A.—a1, 15, c8, d6, e3, f7, g2, h4. (a)

b6, c8, d3, e7, f4, g2, h5. (/3)

h7, c4, d6, e8, f2, g5, h3. (/3)

c5, d8, e2, f4, g6, h3. (a)

B.—a2, W, c6, d8, 83, fl, g7, h5. (A)

h5, c7, dl, e3, f8, gG, h4. (^)
d4, el, f8, g6. h3. (>))

hC, cl, d7, e4, f8, g3, h.5. (J)

c8, d3, el, f4, g7, h.5. (k)

/'7, c3,d6, e8, f5, gl, h4. (y)
c5, d8, el, f4, gG, hS. (fl)

ftc9,cG, dl, eS, f5, g7, h4. (y)

C—a3, hi, c7, d.5, e8, f2, g4, h6. (8)
i.5, c2, d8, el, f7, g4, h6. (wj)

[Diagram of the symmetrical position (coj).]

eG, f4, g7, hi. (/3)

c7, dl, e4, f2, g8, h6. {S)

c8, d4, el,f7, g2, h6. (i)

h6, c2, d.5, e8, fl, g7, h4. (e)

d7, el, f4, g8, h5. (?)
e5, fl, gS, h4. (^)

c4, dl, eH, f5, q7, h2. (6)
d2, e8, /5, r//", hi. (a)

c8, dl, e4, f7, g5, h2. {yj)

e5, f7, g2, h4. (.)

d2, e4, fl, g7, h5. (i)

hi, c2, d8, e5, fl, g4, hG. (i)

eG, f4, gl, h5. (k)

/'8, CO, d7, el, fO, g2, h5. (A)

D. a4, hi, c5, d8, e2, f7, g3, hf,. (^
c5, dS, e6, f3, g7, h2. {y)

b3,c5,d8,e6,n,g3,h7. (k)

c7, d3, eG, f8, </h ''5. (9)

.'/5, W. (a)

d5. el, f8, g6, h3. (e)

c8, d5, e7, fl, g3, hG. |«i

dG, el,f3, g5, h7. (>.)

/j6, cl, d5, e2, f8, g3, h7. (^'i

CH, d2, 87, fl, g3, h5. (a;,,)

[Diagram of the Symmetrical Position (w^).]

d3, el, f7, g5, h2.

hi, cl, d8, e5, f2, gG, h3.

c3, d8, e2, f5, gl, hG.

c5. d2, eG, fl, g3, h8.

d3, el, fG, g8, h2.

/-8, cl, d3, eG, f2, g7, h5.

d5, 87, f2, gG, h3.

c5, dl,e3, f7, g2, hG.

These are evidently half the possible positions, which
must be ninety-two in number. Any position beginning

with a5 must be practically the same as one beginning

with a4. So a6 is akin to a3, a7 to a2, and a8 to a1.
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SOME CURIOUS FACTS IN PLANT
DISTRIBUTION.

By W. BoTTiN'G Hemsley, F.E.S.

THE present distribution of plants, apart from those

low in the scale of organisms, exhibits some very

curious phenomena. Perhaps those most obvious

to the majority of persons are consequent upon the

spread of European peoples over other parts of the

globe. The domestic weeds of ancient civilization, the

road-side weeds and the cornfield weeds, have accompanied
man in his most distant wanderings, and in many instances

have developed increased vigour and a power of coloniza-

tion unsurpassed by man himself. In some instances the

reproduction and spread of these weeds is so rapid as to

become a great scourge to agriculture, overrunning and
destroying crops almost as eft'ectually as swarms of locusts

;

and laws have been framed making it compulsory on
farmers to keep their land free of these prolific strangers.

Sometimes it is a new weed that makes its appearance and
propagates itself in this extraordinary manner, advancing
from field to field, farm to farm, county to county, and
State to State, at an incredible pace. During the last three

or four years the so-called Itussian thistle (Salanlu Kali,

var. Traiius] has been occupying the serious attention

of the farmers and legislators of the Eastern and Central

States of North America, and it is already the subject of a

considerable literature. Thousands of square miles are

infested, and the loss resulting therefrom in 1892 was
estimated to exceed two million dollars

!

But the object of this article is to direct attention to

some of the phenomena of the distribution and existence

of plants in nature, uninfluenced and unaffected by man,
either du-ectly or indirectly—that is to say, to the latitu-

dinal limits, the altitudinal limits, and other interesting

facts of the present distribution of flowering plants.

In the highest latitudes yet reached in the west, in

Ellesmere Land and Grinnell Land, between 80^ and
83° 6' north latitude, the ground in locaUties the most

favourable to the development of vegetation is carpeted

with plants, many of them having brilliantly coloured

flowers, produced in great profusion during the short but

continuous summer that there obtains. About seventy

species were collected within the latitudes named by the

naturalists of the last British Polar Expedition, and they

included such familiar showy plants as Papaicr alpimim,

Silene iiciiuUs, Dri/iis nrtopi'falci, Sa.rifraiia oppositifolia, and

Epilohium latifoUum.

The Austrians found a very different condition of things

in the same latitudes in Franz Josef Land, eastward of

Spitzbergen. Plants were found, and of the same species,

but in an extremely stunted state, with scarcely a flower

to be seen, and nowhere was there continuous vegetation

a few square feet in extent.

In these very high latitudes seed is rarely, if ever,

perfected, and plants increase only by vegetative develop-

ment—suckers, underground stems, and traiUng rooting

stems. Yet the greatest cold experienced—upwards of one

hundred degrees (Fahrenheit) of frost—did not impair the

vitality of wheat that had been fully exposed for four winters

and four summers. It should be mentioned that none of

the plants inhabiting these high latitudes are peculiar to

the region ; that very few species are confined to the Arctic

regions ; and that many of them are widely spread in

Alpine regions of lower latitudes, some even recurring on

the mountains within the tropics, and a few reach the

southern limits of vegetation.

In the southern hemisphere there are now no flowering

(jilumeroijamk) plants growing within thirty-five degrees

of the Pole, " and countries in us high a latitude as Scotland

are absolutely ice-bound. South Georgia, in the American

region, and Macquarie Island, in the New Zealand region,

may serve to illustrate the Antarctic flora and the southern

limits of flowering plants. They are small islands of

comparatively slight elevation, and both situated m 5-1°

south latitude. South Georgia is about a thousand miles

east of Cape Horn, and nearly as far from the Falkland

Islands, the nearest land, except some very small islands

concerning the vegetation of which nothing is known.

Its exceedingly meagre flora has probably been exhaus-

tively investigated, and the result is a list of thirteen species

of flowering plants and no ferns. Not one of these species

is peculiar to the island, and nine out of the thirteen

inhabit both the American and the Australasian or New
Zealand regions. When we remember that the Antarctic

flora now exists only in such isolated and distant fragments,

we are hardly prepared to find almost the same homo-
geneity as in the north, where there is practically a

continuity of land. Yet so it is ; and the only satisfactory

solution of the problem is a former greater laud connection

and continuous flora, probably in higher latitudes than the

existing fragments. One of the tasks of Antarctic

explorers is to search for fossil remains, which might

• Should there be no error in locality, there is a single known

exception. In the Kew Herbarium is a spei-inicn of a urass {Aira

anlarclinil liibelled :
" Ni-w South Shetlanil. Dr. Hisihts."
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give a clue to the history of plant life under difierent

conditions.

A noteworthy feature in the small flora of South Georgia

is the presence of three nortliorn plants, namely, Mantiii

fonlana, CaUitficln rerun, and Pliliuiii nljiiiiuw. Two out

of three of these plants are also found in the New Zealand

region. As previously mentioned, some northern species

extend into the southern hemisphere, hut no essentially

Antarctic types extend into the northern. The farthest

they reach are the Alps of Victoria and the Andes of South

America, where a very few outliers occur.

Another peculiarity of the highest Antarctic flora is the

almost total absence of colour in the llowors, which are,

moreover, exceedingly small, liutterllies and bees are also

absent, whereas they abound in the north, where showy
flowers arc found.

The llora of Macquarie Island, on the opposite side of

the world from South Georgia, although very poor, and
possessing; no endemic element worth mentioning, presents

more striking features. For example, there is one very

showy plant allied to the Michaelmas daisies, and another,

Stilliocarpa puliiris. belonging to the same family as the ivy,

having very large and handsome leaves. Yet, although

the climate is much less rigorous than in South Georgia,

there is no shrubby plant of larger dimensions than common
thyme ; and the whole flora consists of less than thirty

species. Comparisons with other islands I must leave for

a future article.

WAVES-II.

THE WAVES OF THE SEA SHORE.

By Vaughan Cornish, M.Sc,

WHEN the ocean wave reaches the shallowing
slopes of the sea shore, the water particles

no longer swing freely in the circular orbit

which gives rise to the simple form of the
deep-sea swell. The circular swing of each

particle is exchanged for an elliptical motion, the vertical

diameter of the circle being shortened when the depth of
the water is no longer great compared with the wave-
length, or distance from crest to crest. With the change in
the motion of each water particle, which cannot itself be
followed by the eye, comes the change in the visible form

the waves cannot be clearly seen. The cause of these

progressive changes in the wave-form is the slower trans-

mission of wave-motion through shallow water. When
the distance of the sea-bottom is no longer great compared
with the dimensions of the wave, the forward movement
of the wave is retarded, and, moreover, the drag on the

wave's motion is greater in the trough of the wave than at

its crest, where the depth of the water is greater. Hence
the crest gets more and more ahead of the following

trough, until at last we reach the critical moment when it

catches up the preceding trough, overhangs the hollow

with a trembling cusp, and then breaks. According to

Scott Russell's observations, this occurs when the height

of the crest above the general level of the water is equal

to the depth of the water at that place.

Everyone who has watched the breakers of a stormy

sea has noticed the occasional arrival of succeeding

breakers of exceptional size, and the occasional occurrence

of nearly smooth water. This is due to the coincidence of

two or more sets of waves, the result being a complex wave
in which the motion of each particle of water at any
position is the result of two or more impulses. The
amount of the resulting displacement at any point is either

the sum or the difl'ei'ence of the several displacements,

according as they are at the moment in the same or in

opposite directions. The lowest curve in Fig. 2 repre-

sents a wave-form in which rough and comparatively

smooth water alternate with one another. This curve is

drawn by compounding the two upper curves, each of

which represents a simple wave. The length from crest

to crest is slightly different in {he two cases. In sections

A and C the simultaneous displacements are in the same
direction in the two waves ; crest nearly coincides with
crest, and we have rough water. In section B the simul-

taneous displacements are in opposite directions ; what
would be the crest of the first wave (if the wave were
travelling by itself) nearly coincides with the position

which in the second wave would be a trough. The
resulting disturbance in the actual complex wave is there-

fore very slight, and there is comparatively smooth water
in section B. The wave is supposed to be travelling to

the right, so that section C will give large breakers when
it reaches the shore, which will be followed by small
breakers when section B reaches the shore. It is by
availing themselves of the succession of rough water by
smooth that skilful boatmen safely beach their small craft

in a rough sea. Early training and long practice appear
to give them a remarkable power of analysing the com-

FiG. 1,—The Foniiiug of the Broake

of the undulating surface oi the sea. When the wave is

running freely in deep water each crest is preceded and
followed by a trough of the same shape and size. Fig. 1

represents the modification of the wave-form in shallowing
water. The front of the wave becomes steeper, the back
more sloping, until the crest of the wave has the cusped
form ; when we have reached the breaker, and the crest

topples over in a mass of foaming water. This progres-
sive change of form can be better observed from a pier

than from the beach, where the troughs and backs of

ponents of a complex wave. In rough weather off a

shallow shore there are generally several waves breaking

at the same instant at difterent distances from the beach.

This would be difficult to understand if the wave-form
were a simple one ; but with the more usual complex
waves, it is easy to see that there may be a smaller wave
breaking near the shore and a larger wave breaking
simultaneously in deeper water. On a steep shore the

wave phenomena terminate with the breaker ; on a flat

shore it is not so. From each succeeding breaker the
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water rolls forward on a flat shore in a new form of wave,
called the solitary wave, or wave of translation. Fig. .3

illustrates this condition of things. The characters of the
solitary wave will be discussed in a later article.

One of the first problems which presents itself to the
watcher of waves is the circumstance that, at the opposite

shore of a bay, across which we will suppose him to look,

the waves travel in exactly the opposite sense (or direction)

to those which roll in to the beach on which he stands.

To all appearance the waves, when the air is calm, come
from some distant source of disturbance—say in the open
ocean—and there seems at first no obvious reason why the

waves should advance directly upon every part of the
shore however much the shore line may twist and turn, so

that at every part of the shore the line of breakers, and
the crests immediately following the breakers, are parallel

to the beach. This is due to the circumstance already

mentioned that the progress of a wave becomes slower as

the depth of the water becomes less and less. Thus, if a

wave crest enter a bay or inlet, the middle part, which is

in deep water, will retain its velocity, whilst to right and
left the wave is retarded. Where the drag of the sea-

bottom is felt the wave hangs back, and the crest swings
round each cape or promontory, as a line of soldiers wheels

former winds, or from a distant storm, two sets of breakers
may sometimes be perceived, the larger rolling in directly

upon the shore, and the smaller (small both in height and
in length and moving slowly) coming in at an angle, and
breaking first at the windward end. More often than not
the smaller, slanting wave is caught up and smothered
by the larger and quicker waves, so that it is only occa-

sionally, at opportune moments, that the little side waves
are able to discharge themselves upon the beach. There is

another point to be noticed when a side wind sends smaller

undulations athwart the larger waves. These smaller

undulations may b'e observed to indent, or serrate, the

crests of the larger waves, carving them into ridge and
furrow. If the eye be turned to the roller immediately
behind the breaker it will often be noticed that the crest is

not a straight line, but has an undulating form. Now let the

eye follow this roller as it nears the shore, and becomes in

its turn the breaking wave. The crest is higher in some
places than in others ; the water there is deeper, and these

parts of the crest, therefore, move faster than the lower

parts. They consequently break first ; and by rapidly

running the eye along the crest of the breaking wave
one may see that there are a number of portions oi

the wave of about equal length where the crest is break-

Fio. 2.—The Alternation of Rough aud Smooth Water.

on parade, when the inside man marks time and the

outside man marches at the regulation rate. Thus the

wave crest wheels and advances towards the beach, its

whole length being nearly parallel to the shore at the time
the crest begins to break. Those parts of the crest which
are a little further from the beach are travelling faster, and
quickly come alongside the breaking portion of the crest.

At the edge of the shore every circumstance combines to

give the impression that the waves for a considerable

distance out to sea are advancing directly upon the beach.

From the top of a moderate cliff it is, however, easy to see

that this is to some extent an illusion. In a side wind,

especially, it is only close in shore that the wave crests

range themselves in long ridges approximately parallel to

the beach.

When the wind sets in at an angle with the shore line,

and the waves are no longer free but forced, the windward
end of the breaker breaks first, and the curling cusp runs
to leeward along the crest as the wave swings round, each

portion of the crest successively discharging itself upon the

beach when it reaches about the same distance from tlie

shore line as that at which the windward end of the wave
first broke. The line to which the surf reaches is conse-

quently very nearly parallel to the shore line. When a

light side wind springs up across a sea still agitated from

iug, and that these breaking portions are separated by
unbroken portions which are the troughs of the sideways
undulation.

When large waves are rolling iu to shore on a calm
day after a storm, one may sometimes see breakers with
straight, unfuiTowed crest, which come in direct and dis-

charge themselves simultaneously along their whole length
with thundering sound. On a flat shore the finest breakers
are these given by the ground swell, especially in a light

oft'-shore wind, when the great wave slides smoothly on to

the very margin of the water and discharges itself right
upon the beach.

The simple heave oi the ground swell is, however, an
exceptional condition of the sea. Generally the surface is

covered with undulations of various size, moving inde-

pendently in difierent directions, which the watcher of
waves cannot too early accustom himself to detect. One of
the most familiar beauties of the sea, the laughter of the
sunlit waves, is due to these complex motions. The
dancing, sparkling points of light are one of the great
charms of a shore which faces the sun. When the early

riser sees the sunlight sparkling on the summer sea, and
goes out into the freshness of the new day, he knows, as

few others know, the true joy of the morning. When
the sun first appears above the sea a narrow lane of
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ruddy light stretches from the horizon to the shore.

As the sun rises higher tlie band of Hght broadens out,

but ceases to be continuous. As day advances wo no
longer recognize a band of light, but see .the inter-

mittent Hashing of the image of tlie sun from all

parts of a broad stretch of sea. Between the observer

and the sun the light is caught and rellected, as from a

mirror, by the sloping flanks of the waves which are

travelling towards
him. For a long
distance on eitlur

hand sideway un-

dulations heave the

water to such a

slope that the he-

liographic flash is

seen by the same
observer. Distance
and the quickness

of extinction make
it diflicult to realize

that this appearance,

so like the quick

flashings from the

facets of a diamond,
is really an image
of the sun. Some-
times, however, in

slowly heaving
water, and when
the light is not too

strong, the sun's

disc may be distin-

guished in multitu-

dinous repetition.

I have noticed this

effect very distinctly

in the Serpentine
when the light of

the sun has been
suitably reduced by a sonp^on of London fog. I have also

noticed a beautiful effect, somewhat of the same class, on
looking down from Beachy Head when a light mist concealed
the surface of the sea, which, however, was momentarily
revealed by heliographic flashes from the waves.
We have explained the deflection of the wave crests

which causes the rollers to travel in opposite directions
upon opposite shores of a bay. But why does the sea
always break upon the coast, even when the wind is dead
off shore •' One would naturally expect that, if the wind
continued to blow ofi' shore for a sufficient time, the waves
would run frnni the shore ; and in point of fact we know
that, if we set out to sea in an off-shore wind,we should find,

after going a certain distance, that the waves are travelling
away from the shore. Again, if we look at a small sheet
of water, such as a pond, when agitated by the wind, we
observe that there are breakers on the leeward but not
upon the windward shore. The following may serve as a
tentative explanation of the anomaly. The motion of a
wave depends upon two things : first, upon the action of the
wind upon it ; secondly, upon the impulse received from
other waves. Quite close to the beach the impulse from
other waves cannot act seawards, for the other waves are
all upon the seaward side. Again, the power of an off-shore

wind to raise the waves at the margin of the sea is no
greater than at the edge of a small pond ; and we know
that the most powerful wind can raise but a very small
wave at the windward edge of a pond. If, therefore, there
be present any agitation of the sea other than that due to

Fio. 3.— Waves breakint; on a Flat Shore.

the off-shore wind, there exists no agency close to shore

adequate to prevent this agitation from sending in waves
and forming a breaker. As a matter of observation the

turbulence of the sea is so persistent that agitation from

past winds or other causes never seems to be wholly

absent. This persistent turbulence of the sea we shall be

able to explain to some extent in our next article.

In order to observe the forms and motion of the waves
the learner should

not seek the tumul-
tuous surgings on a

rocky coast, but

should rather go in

quiet weather to a

flat shore, and walk
by the furthest edge
of the beach at low
tide. The most fa-

vourable conditions

are when the waves
break upon a shoal

about a gunshot
from the shore, and
when a ridge or

bank of sand or

shingle terminates

the beach. Then
the incoming wave
breaks upon the
shoal, and the low
foaming ridge of the
" solitary " wave
traverses the strip of

shallow water, at the
edge of which the
foam disappears as

the waves once more
assume the usual
form. A group of

these, of shorter

length from crest to crest, makes for the shore, where the

second (smaller) breaker discharges itself upon the ridge

of sand, from which a reflected wave travels back, meeting
the next incoming wave, with which it seems to struggle

for a moment ; then each passes through the other, the

one hurrying seawards, the other making its way to shore.

These and other intricacies of wave motion may here be
seen, best of all when the slanting rays of the setting sun
mark front and rear of each smallest wave with a double

line of light and shadow.
On the other hand the I'nirc of waves is most strikingly

shown where the sea bursts over rocks or breakwaters, as

shown in our full-page illustration. We return to the

subject of the " Force of Waves " in our next article.

-*-

ANTARCTIC EXPLORATION.

By William S. Bruce, late Naturalist to Antarctic

Expedition, 1892-93.

POLAR exploration, and more especially South Polar
exploration, is the first problem to-day among the

geographers of the world. At present there are

no less than three North Polar expeditions in the

field, Norway, America, and Britain each having a

representative in the northern world of ice. It is not our

intention, however, at present to deal with these northern

expeditions, but, in passing, we must wish them success.
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Of the three, perhaps Xansen's and Peary's are of the

greatest interest : the one for the boldest, and indeed the

most ingenious, dash ever made at the Pole, headed by a

man whose Norse blood and sound scientific reasoning gives

us the keenest belief that he will accomplish more nearly, if

not entirely, the aim of so many of his predecessors ; the

other because we know that it is headed by a man who
has done one of the most solid pieces of Arctic work yet

accomplished. We Britons, too—do we not watch with

eager interest the work of our countryman -Jackson,

who will, we feel confident, give us results which not

only we, but the whole world, will be proud of? Wellman,

too, we trust, will have better fortune next season ; and

Andree's unique resolve we hope will be profitable to

science.

In looking at the history of Polar exploration, the

one thing that strikes us is the immense amount of work
done in the north compared with that done in the south

;

and the reason is not far to seek. The object of early

Arctic navigation was not to reach the Pole, but to

discover a shorter route to India by the North-East and
North-West Passages ; then there was the additional

interest which Russia and Britain had in delineating the

northern coasts of Europe, Asia, and America ; and, beyond
this, the desire to penetrate the unknown simply for the

sake of gaining knowledge of it. "And to what avail ? " it

is said. To what avail ! See the fleets of whalers and

sealers leaving Norway and Britain year after year, bringing

home the richest cargoes in the world. Behold, also, the

wealth of Siberia opened up to the great trading nations of

the world. But, more than this, consider the rich treasures

that science has gained, and the romance—the heroism

—

these adventures have called forth.

The history of the North Polar regions fills volumes,

but it is easy to give a brief outline of the history of the

South Polar regions. To Peru belongs the honour of

sending out the first Antarctic expedition, more than
three centuries ago. In 1507 the Governor sent out an

expedition under the command of his nephew, Alvaro

Mendaila, to discover '• Terra Australis Incognita ;
" and

a second Peruvian expedition was sent out in 1605, and
discovered an island of the New Hebrides group in 1606.

Dirk Gorrits, in the meantime, in 159iS, had set sail

from Amsterdam accompanied by a small fleet; and, being

separated from his companions by heavy weather, near the

Straits of Magellan, discovered some high land now known
as the South Shetlands. Gorrits and his crew were

eventually captured by the Spaniards. France was next

in the field. La Roche discovering the island of South
Georgia in 1075 ; and Kerguelen, in 1772, saw what he at

first believed to be the Antarctic continent, but returning in

the following year he found it to be only a small island.

This island now bears his name. Britain, however, was
the first nation to do any real work in the Antarctic, and
that work is associated with the name of Captain Cook.

He was the first to cross the Antarctic Circle in 1773, and,

crossing it again in 1774, he attained as high a latitude as

71° 15' S. In a second voyage he circumnavigated the

globe in high southern latitudes, twice crossing the Circle,

and was thus the first to confine the southern continent

within the Antarctic Circle. Cook described the terroi's

and inhospitality of these regions, and firmly believed that

no higher southern latitude would ever be attained. In
1.S19, William Smith, of Blyth, re-discovered the South
Shetlands, the discovery being confirmed by Bransfield in

the following year, who also sighted Bransfield Land. In

1820 the Russian Bellinghausen crossed the Antarctic

Circle, and attained the latitude of 70 S. in 1° ;!0' W.
;

he discovered Peter and Alexander Islands, then the most

southerly land known. In the following year Powell

discovered the South Orkneys. In 1823 our brave and

distinguished countryman, Captain .James Weddell,

exceeded all former records, sailing as far south as

71= 15' S. in 31^ 17' W. Here, on the 20th of February,

he found a sea clear of field-ice, with only three icebergs

in ^^ew.

.John Biscoe, in the service of Messrs. Enderby, was the

first to put foot on land within the Antarctic Circle ; this

was on Adelaide Island in 1831. It was he who discovered

the western coast of Cn-aham's Land, the Norwegians and

ourselves first seeing the eastern coast in 1893. Several

other masters saiHng under Messrs. Enderby made dis-

coveries, notably Balleny, who discovered Balleny Islands

and Sabrina Land. After these, D'UrviUe the Frenchman,

; Wilkes the American, and Ross our own countryman,

dui'ing the years 1839-43, can alone be classed as Antarctic

explorers. The ChaUemjer paid a flying visit in 1874, and

in 1892-3 Norway and Scotland despatched a whaling fleet

to which was attached a scientific staff. And Norway has

been again to the fore in the last two seasons. Captain

Larsen, of the Jason, having added very considerably to

our knowledge of the eastern coast of Graham's Land

;

while Captain Svend Foyn's vessel, the Antarctic, has this

year reached the latitude of 74= S., the highest attained

since the time of Ross. A party from this vessel, led by

Mr. Borchgrevink, had the good fortune of being the first

!
to land upon the mainland discovered more than half a

century ago by our own countryman, Sir .James Ross.

But of all the expeditions to the Antarctic regions that

of the Erebus and Terror, under the command of Sir James

Clark Ross, during the years 1839-43, is by far the most

important. With the most indomitable courage and per-

severance Ross crossed the Antarctic Ckcle in three

successive years. On two of these occasions he attained

far higher latitudes than any of his predecessors. He
discovered Victoria Land, the vast mountainous tract

extending away to 78° S., in the longitude of New Zealand,

terminating with Mount Erebus, which, from a height of

over twelve thousand feet, lights up the winter darkness of

the snowy desert. From this point in about 78 -' S. he sailed

along an icy barrier running eastward for three hundred

miles, the termination of the ice-cap of the great Antarctic

contment. In 1842-43 he visited the region of Erebus

and Terror Ciulf, lying to the south of Cape Horn, and

became entangled in impenetrable pack ;
pushing farther

eastward, he again crossed the Circle, attaining a latitude

of 71 31' S., between Bellinghausen and Weddell's tracks.

Ross believed he could have lauded and travelled over the

continent, and had he had steam he would undoubtedly

have accomplished what with a sailing vessel was quite

impossible.

P'Urville and Wilkes both did good work, and discovered

land south of Cape Horn and south of Australia in high

southern latitudes.

And now it is suggested that these wintry realms should

again be thrown open to scientific investigation, and the

cry " Cui hoiio .' " has once more to be encountered. But

let us frankly confess at the outset that we do not intend

to lure on half-hearted supporters with the hope that such

an expedition may lead to any monetary gain, although

new channels for our commercial energy have been opened

up in other parts of the world where, not commerce, but

religion, science, and adventure have urged men and

women to fathom the unknown. We go forward as eager

enquirers, seeking to discover new truths and beauties

which nature is ready to reveal to us.

No other part of the world olTers a wider field for original

research than the South Polar regi ins, and it is astonishing
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to one who haf? had the least practical acquaintance with
that part of the globe that more onthusiasin for tlioir

exploration has not been shown. Take, for instance,

meteorology. The only meteorological records we have of

the Antarctic regions are during the three or four summer
months ; and although wo may meet with many charts

which picture the meteorological conditions of these regions,

yet those, even for the summer, arc almost purely
theoretical. There are no records of any fixed station

south of the latitude of Cape Horn oven for the summer
months. Our practical knowledge of the terrestrial

magnetism of even moderately high southern latitudes is

really only gathered from Sir James Rosa's investigations,

which, excellent as they are, can hardly be said to give us

an accurate idea of the present maguetical conditions of

these latitudes and the sequence of changes that have
taken place during the last half-century. Now, apart from
all other investigations, it is of vital importance to us, as
the greatest seafaring nation, that our knowledge in these

two branches of science should be extended in the south,
for without doing so it is impossible to have any complete
summary and classification of the laws which govern
the meteorology and magnetism of the world. This
meteorological and maguetical work can only be done by
landing several parties, who shall set up fixed stations for

the whole year at difl'erent points on the islands and
mainland of Antarctica, and who shall thus be able to

carry on observations systematically, not only during the
summer, but also during the winter months. If possible,

these observations should be extended into a second and
even a third year, so as to note more completely the
regular sequence of events. Besides having these stations,

at various other points recording instruments should be
set up and the results noted summer after summer.
^Yintering in the Antarctic has been much dreaded by
many, but perhaps the task would not be so trying as in

the north, provided, at least, that the wintering stations

were not far within the Antarctic continent.

It must be remembered that thei-e is an entirely

different distribution of land and water in the south to

that which occurs in the north. In the north we
have a Polar basin—a Polar sea more or less dotted over
with islands—surrounded by the continental ring of

Europe, Asia, and America, broken only at two main
points by the Greenland Sea and Hehring Straits ; in the
south, probably a Polar continent, surrounded by the great
Southern Ocean. In the north, then, we have, even in the
highest latitudes, all the ameliorating conditions of a con-
tinental summer—bees humming their merry tune and
flowers decking green valleys where musk oxen graze

;

but we have also all the rigours of a continental winter,
enabling the Franklin expedition to register as much as
ninety degrees of frost, and others even greater degrees of
cold. In the South Polar lands (except, perchance, in the
heart of the great continent) we have to deal with an
oceanic climate, where the variations between winter and
summer are very greatly diminished ; and although during
the summer we may seldom, if ever, have the thermometer
rising above the freezing point, yet in the winter the
thermometer should not register such extraordinary degrees
of cold as in the north. But here, again, our statements
are based on theory ; the more important, therefore, is it

in the near future to make a clear statement of facts from
the result of observations.

It is plain that in meteorology and terrestrial magnetism
we have two subjects not only of purely scientific interest,

but of vast importance for the more accurate navigation
and greater safety of our vast fleets throughout the world.
There is one other subject which combines scientific and

commercial interest, and that is biology. How far is it

possible for us to prosecute seal and whale fisheries, and
what must be the conditions of administrative protection ?

The commercial expeditions of the last three years from
Norway and Scotland seem rather to indicate that these

fisheries cannot bo profitably prosecuted, but still we must
acknowledge that there has been hardly sufficient investiga-

tion to answer this question decisively. The discovery of

guano at Cape Adair by Mr. Borchgrevink also opens up
a new channel for commercial enterprise. But, apart from
the commercial aspect, a very rich biological field lies

waiting for us in the Antarctic. Sir James Boss gathered
many invertebrate treasures, but these, unfortunately,

mostly perished without ever being properly examined.
The ( 'liaUi'iii/rr was more successful, and Dr. Murray
has brought to light some very interesting relationships in

the similarity of the fauna of the South and the North
Polar seas. In order to carry on this interesting and
valuable research, it is necessary to equip an expedition

which shall dredge, trawl, and tow-net throughout the

breadth and depth of the great Southern Ocean. Unfor-

tunately, the Cliiilleni/rr was not an ice-protected vessel,

and it would have been unwise for her commanders to

have carried on further research than they did in such
high southern latitudes. Beyond the mammalian and
invertebrate fauna, there is also the vast host of birds and
fishes to be studied, about which we know next to nothing.

Botanically we cannot hope for much, except possibly

in marine algm. It is interesting to note, however, that

Mr. Borchgrevink, of the Antmrtir, found this year on
Possession Island a lichen. This is the only recorded

land plant found within the Antarctic Circle.

Towards the bathymetrical survey of the Southern
Ocean both Ross and the ChaUemier contributed valuable

observations, and the Clialleni/er observations have been
lucidly expotmded by Dr. Murray, who has brought to

light many very interesting facts regarding the distri-

bution of oceanic deposits. P>ut only the borderland of

this new world has been touched, and there still remains a

vast field of most interesting and important scientific

research. As a result of these investigations Dr. Murray
has defined to us what must be more or less the outline

of Antarctica, and it is consequently of more interest than
ever that a practical survey of this coast-line should be

made. There has always been a theory of an Antarctic

continent, but Dr. Murray's theory dift'ers from all previous

ones, inasmuch as it is founded on fact.

To Captain Larsen, of the Jason, who has recently

been awarded the Back Grant of the Royal Geographical

Society for his valuable Antarctic researches, do we owe
the first concrete addition to our knowledge of the geology

of the Antarctic. He has landed several times, being the

first who ever travelled over the Antarctic ice, and on one
or more of his landings secured a most interesting set of

fossils. Still, this is only a beginning in the geology and
paliEontology of the south, and the geologist is enthusias-

tically eager for fiurther research. Geodetic problems,

problems of the Great Ice Age, of oceanic temperature,

salinity, and circulation, and other branches of scientific

knowledge too numerous to be mentioned here, have to be

studied. Such, briefly, is the work of a modern Antarctic

expedition.

Since the return in 1893 of the Norwegian and Scottish

whalers there has been an endeavour among scientific

men and societies to promote a British Antarctic expedi-

tion, but more than two years have elapsed and yet no
definite plans are on foot. But outside our islands

scientists have met with greater success. Dr. Cook leaves

New York next year, and possibly two other countries will
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be despatching Antarctic expeditions. Is the British

nation not to be moved '? Are we, the maritime power of

the world, to stand by and look on while other nations

solve the problems of oceans '? Much can be done by
private enterprise, and such enterprise should be fostered

;

but if we have our old enthusiasm we can do something
more than send out a private expedition from our shores.

The scientific world is at present ringing with the praises

of the Challeivter expedition. Do we retrret having sent

out that expedition ? Has it not made Britain a greater

maritime nation than she ever was before ? Does Cook's

work from east to west, from north to south, count for

nothing ? Do we regret having the names of Weddell,

Ross, Franklin, and a hundred others added to our roll of

heroes ? Let us show that we are still the leading mari-

time power of the world, and that in peace our victories

are even greater and more lasting than in war I Let us

unite together again,

and add another chap-

ter manifold richer than
the chapter of the Clud-

lemjer, since by that

expedition we should

have learnt how to carry

on a similar piece of

work to even a more
successful conclusion.

We do not in the least

advocate that such an
expedition should ever

attempt to reach the

South Pole. A rush to

the Pole is not what we
desire, but a systematic

survey of the whole

South Polar regions,

and a continuous series

of various observations

throughout at least two,

if not three, years.

There is no doubt that

such an expedition

would furnish incon-

ceivably valuable re-

sults, and that a new
gem would be added to

our nation's records.

Even greater would be

the glory and the final

results if the Antarctic

regions were to be ex-

plored by the co-opera-

tion of the great nations

of the world ; and it is

pleasing to record that the International Geographical

Congress has unanimously adopted the following resolution

recommended by a most distinguished committee, consisting

of Sir Joseph Hooker, Dr. John l\Iurray, Dr. Neumayer,

Professor Von den Steinen, and M. Bouquet De la Grise,

namely :

—

" The Sixth Geographical Congress, assembled at

London, 1895, records its opinion that the exploration

of the Antarctic regions is the greatest piece of geo-

graphical exploration still to be undertaken ; and in

view of the addition to knowledge in almost every

branch of science which would result from an expedition

to the South Polar regions, Congress recommends the

several scientific societies throughout the world to urge,

in whatever way seems to them most eilective, that

this work should be undertaken before the close of the

century."

Surely the unanimous resolution of so great an assembly

will have sufficient weight to move the most retrenching

Governments to tread onwards, and
" To gr.iee this latter ao;e with noble deeds."

IToTB.—The GroTcmments of Ifew South Wales and Tasmania
have recently agreed to raise funds for an Antarctic expedition if

the other Australian Colonies will also join the project.

Notfcts of Boo&s.

The Herscheh and ilodrrn Astronomy. By A^Ties ^l.

Gierke. (Cassell & Co.) 3s. Gd. The subject °of Miss
Gierke's latest work is not a new one to her, as she had
largely treated of the Herschels in her " History of

Astronomy in the Nine-
teenth Century," and
had there shown how
strongly the subject had
excited her interest.

Vv'ith a writer of Miss
Gierke's force and
charm of expression,

and deep and thorough
sympathy in her subject,

the book before us could

not fail to be one to

commend itself to every
reader to whom astro-

nomy at all appeals, or

who can be attracted by
the narration of the
final success of genius.

The author teUs us
in the preface that

the gleanings about
William Herschel'a
scientific works, apart

from those taken
directly from Caroline's
" Journals and Recol-
lections, " have had to

be sought and studied

one by one in the
various volumes of the

Philosophical Tra nsuc-

tions. Very naturally

the subject divides itself

into three parts, which
tell in turn of William,

Caroline, and John
Herschel. The life of

William Herschel is still more an account of the birth and
first beginning of our present-day observational and physical

astronomy. When the elder Herschel tried fitting lenses

into pasteboard tubes, in 177'2, and obtained but poor

results, these sections of the divine science were non-

existent ; the idea of their possibility, even, had not

germinated in men's minds. In sentences that charm the

reader by their power and completeness, .Miss Gierke

narrates how the musician of Bath designed " to carry

improvements in telescopes ti their full extent " and
" leave no spot of the heavens unvisited," and how he

trained his senses of sight and touch to render possible the

accomplishment of his great design, .\fter tiro hundrrd

failures a tolerable retlccting telescope w;is produced,

about five inches in aperture anu of five and a-half feet

Sir William Heeschel. From T/ie Hersiheli am! Modern Aslronumii.
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focal length. The outcome may seem small for so great

an expenditure of pains, but those two hundred failures

made the octagon chapel organist an expert. Dut the

most interesting chapter is that one which deals with

"The InllucnceofllerschersCareer on Modern Astronomy."
Of Sir .lohn llerschel there is a chronological table of

successes. " His life was a tissue of felicities. l''or him there

was no we;irv waiting, uo heart-sickening disappointment,
no vicissitudes of fortune, no mental or moral tempests."
He was a physicist, poet, chemist, mathematician ; he was
also an astronomer. There is never need to dilate on Sir

William Herschel's genius ; the fact is self-evident. Miss
Clorke insists again and again that Sir .John was a great

man ; that he stood " supremely at the head of the list "
;

that he was a successful man. The impression remains
that it was his very success that was a failure ; that

if the hill of pre-eminence is smooth, it offers small grip to

the foot of the climber. Sir .lohn worshipped many gods :

his father, but one.

'J'lifCill: Ihttlincs of (icnenil Andtomy itml I'ln/siiiloi/i/.

By Dr. Oscar Hertwig. Translated by M. Campbell, and
edited by Dr. H. .T. Campbell. (Swan Sonnenschein.)
Illustrated. 12s. "Thecell theory," remarks Prof. Hertwig,
" is the centre around which the biological research of the

present time revolves." The theory that organisms are

composed of cells was first suggested by the study of plant-

structure, and the term " cell " was applied to the small

room-like spaces, provided with firm walls and tilled with
fiuid, to be seen in plants. Both Schleiden and Schwann
(183S) believed the cell to be a small vesicle, with a firm

membrane enclosing fluid contents ; but, later, Max
Schultze (1H60) defined it as a small mass of protoplasm
endowed with the attributes of life. Improved means and
methods of observation have shown that this conception

must give way to a better, and the definition now held is

that the cell is a little mass of protoplasm, which contains
in its interior a specially-formed portion, the nucleus. It

is around this nucleus that biological investigations are

now mostly centred ; its nature, functions, changes, and
potentialities will form the subject of work and discussion

for many years to come. In fact, upon the nucleus is now
concentrated the attention that in earlier days was given
to the cell. The cell is very uniform in appearance
throughout the animal and vegetable kingdom, and contains
the key to many problems of life, while its relations to the
protoplasm in which it is embedded are of absorbing
interest. Prof. Hertwig is recognized as one of the greatest

authorities on cell-structure, and this accurate translation

of his treatise on the subject will bo heartily welcomed by
those who do not read German fluently, and yet desire to

learn what is known about the "ultimate particles" of life.

The historical course of the development of the more impor-
tant theories relating to the cell is traced, and the knowledge
gained by means of microscopical, chemico-physical, and
other methods of inquiry is clearly set down. Few works
are more valuable to students of histology than this,

and in none will a better account be found of the nature
and attributes of the cell-organism—that little universe
the mysteries of which are slowly being unravelled. Prof.

Hertwig is happy in having such an excellent translator

and careful editor as those to whom the English version of

his work has been entrusted.

Uritish Fuwius-Flora. By George ^lassee. Vol. IV.
(George Bell .V; Sons.) 7s. 6d. This is the fourth
volume of a standard text-book of mycology, written by a
recognized authority on the subject. In it the species

of fungi included in those families of the large natural
order of the Ascomycetes are classified and described.

Acting on his opinion that " no one can be considered to

know a species thoroughly until it has been worked out by
himself," Mr. Massee has personally examined type speci-

mens in all cases where they were accessible (his position

at Kew giving him exceptional opportunities for doing so),

and has thus been able to make his descriptions of the
characters of species full and trustworthy.

Siwplf Mcthtih for Ih'lertirKj Food Adulteration. By
John A. P.ower. (London : S.P.C.K.) Mr. John Bower
chooses as his text the well-known words of Tyndall :

" Apply the principles of science, and make them available

to the needs, the comforts, and luxuries of life." This he
has very indifferently succeeded in doing in the present

volume, which is full of the most glaring errors, and gives

such trivial tests lor adulteration that those who endeavour
to follow them will find that their efforts are thrown away.
When we mention that we find such slovenly expressions

as " the precipitation of the lime " on boiling hard water,

that silver nitrate gives a white precipitate with the
"organic impurities" in water, and that a "serviceable
filter " can be made out of a llower-pot and some sand and
magnetic oxide of iron, our readers will see that this

adverse criticism is well deserved.

The Scientific Foundations of Anahjtical Chemistry. By
W. Ostwald. Translated by G. McGowan. (Macmillan.)

Prof. Ostwald's work during the last ten years on the

borderland of chemistry and physics has naturally led

him to look upon routine analytical work in the laboratory

as almost devoid of any scientific basis. And in this

respect we are fully in agreement with him. In scarcely

any of the text-books do we find any mention of theory,

and in the majority of examinations the practical work can
be passed by a clever student who crams up a set of

analytical tables. No student could pass a practical

examination by reading Prof. Ostwald's book, but any one
who has read it carefully through, and proved the different

reactions in the laboratory, would have a real knowledge
of practical chemistry. To the older student the work
appeals, as it throws new light on many reactions which
seem at first sight to be unique and uninfluenced by any
general laws. We hope that all teachers will endeavour
to frame their instruction on the lines laid down by the

author, so that practical chemistry may cease to be simply

the art of test tubing.

Text-Booh- of tlie Emhryoloii}/ of Inrertehrates. By Dr.

E. Korschelt and Dr. K. Heider, Translated from the

German by Dr. E. L. Mark and Dr. W. Mc M. Wood-
worth. Part I. (Swan Sonnenschein.) Illustrated. 1.5s.

Students of animal morphology well know the great value

of the Lehrhuch of which this is a translation. To be

able to read the work in English will, however, be a boon
to many zoologists who find the perusal of the German
text a rather laborious task. And even to those who have
no difficulty in reading the original work the translation

will be valuable, for numerous additions, recounting the

most important results arrived at by embryologists since

the date of first publication, have been made by Drs.

Korschelt and Heider, and appear for the first time in the

present edition. The complete work is published in three

parts, and the first of these deals with the Porifera,

Cnidaria, Ctenophora, Vermes, Enteropneusta,and Echino-

dermata. It is the translation of this part that is now
before us, and we are glad to notice that translations of

Parts II. and III. are in prepr^ration. German men of

science have a wonderful faculty for collecting knowledge,

and the present volume is a good example of what they

can do in that way. Practically all the literature of com-
parative embryology appears to have been consulted in the

preparation of the work, and both students and special
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investigators will find the volume contains the best modern
treatment of their subject.

Handbook of Industrial Organic Chemistry. By Dr.

S. P. Sadtler. 2ad Edition. (Lippincott.)
_
The first

edition of this handbook was well received in this country,

and supplied a gap in the existing literature. During the

forr years which have elapsed since the first edition was
published, England has produced several books dealing

with industrial organic chemistry, so that the want is

hardly so acutely felt now as formerly. The literature

has, however, been more of special character than of the

general description covered by Dr. Sadtler's book ; and as

he has taken con-

siderable pains in

incorporating the re-

cent progress made
in the several de-

partments, we think

that the new edition

will be welcome to

many chemists. Dr.

Sadtler's book is espe-

cially valuable for

the statistics which
it contains of the

world's production of

raw materials and
their finished pro-

ducts ; and as he has

also completed each

section of this work
by a bibliography of

the special works of

reference, the reader

has afi'orded to him
information which
will enable him to

further study any
special point. The
methods of analysis

given by the author

are, however, fre-

quently wanting in

details. His method
of procedure seems to

have been to abridge

and abstract the in-

formation contained

in "Allen's Com-
mercial Organic
Analysis." The
section devoted to

vegetable textile

fibres is well written,

and gives a good
rrsiimc of the im-

portant industries

connected therewith ;

and under " Animal
Tissues and their Products" is a good general account of

the leather inaustry and the allied manufactures of glue

and gelatine.

OiUlincH of Psiiclioloii;/. By Prof. Oswald Kiilpe. Trans-

lated from the German by Prof. E. B. Titchener. (Swan
Sonnenschein.) lOs. Cd. The science of psychology

can be divided into two main branches ; the first is the

descriptive and metaphysical branch, which dominated it

for ages, while the newer movement is experimental and
psycho-physical. Prof. Iviilpc's work is concerned with

Youug Grey Lag GctBC. from British £irds' Xests,

investigations in the latter direction. In this country

psychology is not given so much attention as in Germany
and America, but the number of its students is gradually

increasing. Doubtless this translation of a work by one

of the foremost investigators of the modern school will

give an efi'ective impulse to the study of the science with

which it deals. Kant shared with others the view that

there could not be an exact science of psychology ; but

their opinions are refuted by the fact that physiological

psychology, or psycho-physics, has established important

propositions capable of exact mathematical treatment,

whereas Kant argued that mathematics could not be
applied to conscious

processes. There is

certainly an in-

creasing demand for

psychological litera-

ture at the present

time ; and though
the supply is now
kept up mostly by
translations from the

German, it is to be

hoped that the future

will see larger
contributions from
British workers.

A Labor atari/
Manual of Orfiaiiic

Vheiitifitri/. By Dr.

Lassar-Cohu. Trans-

lated by Dr. A. Smith.
(Macmillan.) 8s. 6d.

We are very pleased

with this guide to

practical organic
chemistry ; it cer-

tainly fills a gap in

our English chemical
literature. Nearly
five years have elapsed

since the publication

of the first German
edition, and during

that time this most
useful work has met
with a warm recep-

tion among German
chemists, and has

been introduced as a

standard manual into

most of the univer-

sity laboratories and
polytechnics in Ger-

many. This success

is undoubtedly due to

the very systematic

method adopted by

the author of arrang-

ing the several methods of chemical operations into distinct

chapters, and giving such practical working details that

even the novice need not go far astray when performing a

new task. We hope that the book in its English edition

will meet with a similar reception both in this country and

America, as the translator has performed his duties in an

exemplary manner, and has further enhanced the value

of the book by his rearrangement of the index.

Ihitish Birdf:' X'Xts. By R. Keartou. With an Introduction

byK. BowdlerSharpc, LL.D. (Casscll.i Illustrated, 'ils.



34 KNOWLEDGE. [February 1, 1896.

The originality of the illustrations in this book commends
it at once as a work of exceptional interest. The text

consists merely of dry but careful descriptions of the
nests and eggs of the birds which breed in the British

Isles, and where they are to be found. It is true that the
author's object is to teach " how, where, and when to

find and identify " these nests ; but wo tliink that he has
made a very great mistake in not recounting more of the
many adventures and experiences which his brother and
himself must have met with in procuring the many
beautiful photographs contained in the volume before us.

The advantages of the camera as an aid to the naturalist

have never been better illustrated than in Jlr. Kearton's
book. The nest or eggs of almost every bird that is to

be found brooding in the British Isles are here portrayed
in their original position, just as they were found amidst
their natural surroundings. What could be more useful

to the ornithologist, or more interesting to those who never
have seen, and perhaps never will see, the actual thing ?

Beyond this, many of the photographs are beautiful pictures,

which will be admired and appreciated by those of artistic

tastes. By courtesy of the publishers we are enabled to

reproduce one of these illustrations. The photography of

birds in their native haunts, their nests and eggs, must
always be attended by a great deal of labour, difficulty,

disappointment, and even personal danger ; and we think
that Mr. Kearton and his brother have achieved a great
success in obtaining such a splendid collection of photo-
graphs.

H*.<

SHORT NOTICES.

Bidden Beauties of Nature. By Richard Kerr, FG-.S. (I?. T. S.)

Is a well-illustrated work and forms an excellent introduction to
microscopical study. Mr. Kerr unfolds in simple language the
marvel? and beauties of many forms of life overlooked by most and
studied by few. It is hoped that the perusal of tliis book will induce
many to study the microscopical world around us.

Garden Flowers and Plants. By J Wright, F.R.H.S. (Macmillan.)
Illustrated. This little manual will be found of great practical use
to amateurs in raisinj and growing plants and llowers in town, suburb,
or country. Each plant is treated separately, and the book is provided
with a good index.

Nature's Stori/. By H. Farquhar, B.D. (Oliphant, Anderson, &
Ferrier.) Illustrated. Is written for young peojile. The author has
been very successful in explaining, in a series of brightly written
essays, many interesting and instructive scientific facts. The book is

eminently fitted for the young, and will bear perusal by manv older
persons.

Analytical Keii to the Natural Orders of Flowering Plants. By
Franz Thonner. (Swan Sonnensehein.) To students of exotic flora's

this little book will prove of great value in extending their knowledge
of the subject, and especially in determining the v.arious orders to
which the vast number of these plants belong.

An Introduction to the Study of Rocks. (British Museum, Mineral
Department ) This useful book gives, from a Museum point of
view, a simple sketch of the relationships of rocks, indicating all tlie

more important characters and pointing out their significance.

A Popular Handbook to the Microscope. By Lewis Wright.
(B. T. S ) Illustrated. So many books liave been written, on'^thc
microscope, liow to work it, and on what is to be seen by its aid, that
we need only commend this book to our readers as very reliable and
well up to date.

Whittaker's Almanack for lSi>6 is as complete and full of useful
information as ]iossible, and shoidd be possessed by everyone.

Elementary Trigonometry. By Charles Penilebury, M.A., F.R.A.S.
(Bell & Sons.) Will be found of great service to mathematical
students, and especially to candidates for military examinations.

An Ftementary Text-look of Mechanics. Bv W. Briggs, M.A.,
and G-. H Bryan," M. A.. F R 8." (Clive.) Is one of the University
Tutorial Series, and affords beginners a thorough grounding in
dynamics and statics. Mathematical formulte have been avoided as
far as possible in tliis book, in order that the fundamental principles
of mechanics may be fully grasped.

BOOKS RECEIVED.
British and European Butttr/lies and Moths. By A. W. Kappcl,

F.1..S., F.E.S., and W. Kgmoiit' Kirby, L.8.A. (NisW) 25s.

F.lhnoloyy. By A. H. Kcane, F.R.G.S. (Cambridge University
Press.) Illustrated lo<. (id.

Leisure Readings. By K.Clodd, A. Wilson, 'I'. Foster, A C. Ranyard,
and R. A. I'roctor. New Edition. (I.ongmani.) Illustrated. lis. Cd.

Our Household Insects. By E. A. liiitler. (Longmans) Illus-

trated. 3s. 6d.

Cork Lane and Common Sense. By .\iidrew Lang. New Edition.

(Longmans.) 33. (id.

Furs and Fur Oarments. By R. Davey. (The Roxburghe Press;)

lUusI rated.

Minerals: British Guiana and its Resources. By the Author of

" Sardinia and its Resources " (Philip & Son.) Cloth, 2s. fid.; Jiaper. 28.

Popular Telescopic .istronomi/. By A. Fowler, A.R.C S., F.R.A.S.
(Philip & Son.) Illustrated. 28.

The fitory of the Solar System. By U. F. Chambers, F.R.A.S.
(Newnes.) Illustrated. Is.

The Preceptors' Junior French Course. By S. Barlet. (Relfe

Bros.) Is. (id.

The Koh-i-Niir Diamond. By E. W. Streetcr, F.R.G.S. (Iiell&

Sons.) Illustrated.

Minerals, and Huw to Study Them. By E. Salisbury Dana (New
Vork ; Wiley & Sous.) Illustrated.

Uttters.
[The Editors do not hold themselves responsible for the opinions or

statemeuts of correspondents.]

THE CONNECTION OF ASTRONOMY WITH GEOLOGY.
To the EiUtorx of Knowledge.

Sirs,—A journal like Knowledge, which deals with
both sciences, affords the best medium for discussing

the relations between astronomy and geology. My
practical acquaintance with the latter science is very

limited, being almost confined to the remarkable
cavernous limestone district in the counties of Mayo
and Galway, of which but little seems to be generally

known. Englishmen know more of Adelsberg than of

Aylemore or Cong. But let that pass. My object is

to point out that geologists have not sufficiently availed

themselves of the results of astronomical research, and
perhaps a corresponding remark may apply to astronomers.

One point of connection between the two sciences was
brought under the notice of the public by the late Dr.

Croll, who inverted the earlier but less known theory of

the late Mr. .Toseph John Murphy. I am not satisfied that

either theory aftbrds an explanation of the Ice Age, but
undoubtedly effects must have been produced on the fiora

and fauna of all extra-tropical regions which the geologists

should be able to trace. On the assumption of no per-

manent ice-cap, a period of maximum eccentricity and
winter aphelion must have produced a cold winter and a

hot summer, and a continuance of hot summers and cold

winters must have modified both animal and vegetable life.

The phenomena which depend on mean temperature would
be little altered, but those which depend on the extremes

of temperature would be extensively changed. There is,

I believe, in most animals, and probably plants, a principle

of adaptation which would enable them to survive the

change. This is the principle which Darwin described as

the " survival of the fittest ;
" but the fact appears to be

that even the individual animal can to a large extent adapt

itself to the surrounding circumstances, as the winter's

cold causes the hair of the horse or cow (that is not housed)

to grow long. Of course, it may be said that the most
adaptable animal is among the fittest to survive—that on
the refrigeration of the climate the animal whose hair

became long was as fit as the animal whose hair was long

originally. But while I prefer my own term, the point on

which I insist is that the changes relied on by Croli must
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have profoundly altered the climate and left traces on the
tlora and faiina of the period. A similar remark applies

to the case of a maximum eccentricity and a summer
aphelion. The mean temperature would be little altered,

but the extremes would approach more closely to the mean.
Phenomena of this kind could be best investigated a little

to the south of the limit of glaciation ; and as we know the
date of the last period of maximum eccentricity, the identi-

fication of its results would be of use to geologists in all

problems relating to the age of the earth and its various
formations.

Another theory, started by Prof. G. H. Darwin, seems
to me of great geological moment ; and here, again, if some
of the Professor's results are to be regarded as doubtful, it

seems certain that the tides must have been slowly diminish-

ing the velocity of the earth's rotation, and that in early

geological times the daymust have been considerably shorter

than at present. The earth was therefore less heated in

the day time, and less cooled at night, and the extremes
of temperature which now exist must have been consider-

ably modified. As in the former case the mean temperature
would probably be unaltered, and the phenomena which
depend on it would be the same as at present ; but
delicate plants which would now be killed by a cold night
might have then flourished in this country.

This is not all, however. The equatorial protuberance
of the earth is no doubt due to its rotation, and when the

rotation was more rapid the protuberance must have been
greater. How, then, was this equatorial protuberance
lessened '? As far as the ocean extends, the answer seems to

be clear—by a flow of water from the equatorial towards the

polar regions, and a consequent submergence of the land in

the temperate zones both north and south of the Equator.
The elevated land at the Equator would be slowly washed
away by rivers ; but if the earth's crust was thin, equilibrium

might be more speedily restored by volcanic outbursts beyond
the limits of the tropics. Lava might stream out until the

laud at the Equator was sufficiently lowered and that in the

neighbourhood of the outbursts raised by the operation.

Such volcanic outbiusts might mask the simultaneous

rising of the sea-level in the same localities. These polar

ocean-currents would, in the northern hemisphere, take a

westerly bend for the same reason that the Gulf Stream
does so ; and in places where there are no great traces of

volcanic action we may expect to find evidence of the sea

gaining on the land from the south-west, as appears to be

the case, for instance, at St. David's. The eifects of this

reduction of the equatorial protuberance are, at all events,

worthy of more attention than they have hitherto received

from geologists. The amount of the reduction is, to a

large extent, matter of speculation, but the reduction itself

seems to be an ascertained fact.

Whether the nebidar theory be accepted or otherwise,

most persons will concede that the earth was once too

highly heated to sustain life. From this fact, and what
we know astronomically about its cooling, some inferences

follow as to the early history of the earth which have
hardly been recognized. Assuming that, whenever the

necessary conditions for sustaining life are supplied, life

itself will speedily follow, we can in this way trace the

history of life on the earth. The Poles must have cooled

faster than the Equator, because they received less solar

heat. The earth, therefore, became habitable at the Poles

when the Equator was still too hot to sustain life. At this

early stage of intense heat a great part, if not the whole,

of the water on the earth was in the form of vapour. As
the cooling proceeded this vapour first formed two polar

seas, which gradually extended towards the l^quator as the

process of condensing the aqueous vapour went on. The

I first form of terrestrial life was, thus, marine life in the
polar seas. This life must have been capable of existing
under a great atmospheric pressture, for the quantity of
vapour still suspended over the earth must have been
enormous. But some forms of marine life are found under
great pressure in the deep sea. This great blanket of vapour
no doubt moderated the extremes of temperature in summer
and winter, and thus assimilated the polar climate pretty
closely to that which now prevails in the tropics. Traces
of tropical vegetation in the Arctic regions need, therefore,
create no surprise. The only cause of surprise is finding
them where they were presumably deposited after the
earth had cooled down nearly to its present condition.
But we have no reason to conclude that the carboniferous
period, for instance, at the eightieth degree of north
latitude was nearly contemporaneous with the same period
at the fiftieth degree. Life had probably already gone
through several stages of progress at the Poles when it

made its first appearance at the Equator. The condensing
of the vapour in the atmosphere, commencing at the Poles,
would proceed gradually towards the Equator, thus inducing
a flow of water in that direction. This woiild be entirely
opposed to the flow of water caused by the slackening of
the earth's rotation, but both would combme to produce
a submergence of the land in our latitudes. The effect of
slackened rotation probably continued to a later period
than that of the condensation of vapour and its precipitation
in rain. Rain, again, must, no doubt, have preceded snow,
as liquid water preceded ice.

As to the amount of heat received from the stars, there
can be no doubt that it has been different at difi'erent

times, but it may be doubted whether the difl'erence was
sufficient to produce a sensible change in the chmate of the
earth. Nevertheless, this possible explanation of certain
terrestrial phenomena should not be wholly overlooked.
One further suggestion I may make. Suppose an

equatorial protuberance composed of solid land is formed
by the earth's rotation, and that this rotation subsequently
diminishes. It then becomes a great mountain chain, no
longer in equilibrium, but subject to a double pull to the
north and south. Assuming that the earth has a fluid
nucleus, might not this pull, assisted by some irregularities
in the shape of the range, lead to one half of the range
being pulled to the north of the Equator and the other half
to the south, the position of both the Poles and the Equator
on the earth's crust being thus displaced.' The mountain
chain would still form a circle round the earth, but would
become inclined to the Equator. I merely throw out this
hint for the consideration of those better versed in the
subject. The great Pamir Steppe is not far from
diametrically opposite to the highest part of the Andes
or Cordilleras. W. IL S. Mo.nck.

aEOGRAPHY AS A SCIENCE IX ENGLAND.
To the Editors of Knowleimie.

Sirs,—The programme unfolded by Dr. Mill in his
article on " Scientific Geography " in your last issue is

brilliant but ambitious. I should like to ask what shupe
his proposal would take, and whether any work on
similar lines has yet been done in Great liritain '?

GK0(iR.4PHER.

THE PUZZLE OF "26."

Note.—We must oxpn'ss our n-gret to tliose convsiwiuliMit* who
Imve seut us further solutions of the im-eiiious puz/.h> of "ili " that
we are uuable to insert their eonimuiiioalions. in eonseiiueuee of a
reiiuest by Messrs. T. t^nlish k Co., of 9!), Fore Street, London, the
publishers of the puzzle, not to disclose any further solutions of it.

We have received many solutions, but we do not desin- to interfere wil li

the business of Jlessrs. T. Ordish & Co., even bv inadverten.-e. -Eds.
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GREEK VASES.-I.

INTRODUCTORY.
By H. B. Walters, M.A., F.S.A.

AMONG the various branches of Greek archtBology
the study of vase-painting stands out prominently
as of far-reaching interest and artistic importance.
Until the last twenty years or so, those who
devoted themselves to this pursuit were content

to confine their attention to such information concerning
the mythology or the religious and private life of the
Greeks as might be derived from a study of the subjects
depicted, without regard to chronological or technical
questions. The discoveries of recent years, however, have
brought about a demand for a more scientific method,
dealing more with questions of chronological arrangement
and classification of the various fabrics and technical

processes.

It is a common thing to hear these vases spoken of as
" Etruscan," although this term, which arose in the last

century, when few vases had been found except in the
tombs of Etruria, has now been discredited for many years.

It still, however, holds sway with all the tenacity of a
popular error, and its use cannot be too strongly depre-
cated, resting as it does on no grounds whatever. A small
number of vases were undoubtedly made by Etruscans in

imitation of imported Greek fabrics, but all possess un-
mistakable characteristics which mark them off from the
products of Greek artists. The fact that such a large

proportion of the Greek vases which are to be seen in

European museums were found in Etruria is due to an
extensive system of importation from Greece, which went
on during the sixth and fifth centuries u.c, the period to

which the finest productions of the Greek potter's art

belong. These vases seem to have caught the taste of

Etruscan noblemen, who employed them to adorn their

houses, and more especially for funeral purposes. Of late

years, however, excavations on Greek soil have not only
enabled a fine collection to be formed in the museum of
Athens itself, but have yielded many examples for the
European museums in no way inferior to the masterpieces
imported into Etruria.

It may be laid down as a general rule that all these
vases have been found in tombs, whether in Greece, Italy,

or elsewhere. There are, however, a few exceptions,
where excavations on the site of an ancient temple have
brought to light large quantities of vases or fragments of
vases, often with dedicatory inscriptions to some Greek
deity. The most notable instance is on the Acropolis at
Athens, where excavations have been recently made in the
debris caused by the sack of the citadel by the Persians in
B.C. 480, and a collection of fragments was found, many of
unique beauty or delicacy of execution ; these had probably
been dedicated in the Temple of Athena, and cast aside as
worthless -^Nhen the sack took place. Other instances are
at Naucratis, a Greek settlement in the Delta of Egypt,
and in the neighbourhood of Corinth (probably from a
temple of Poseidon).

The sites on which vases have been found in tombs are
very numerous, and cover a large area. In Italy, Etruria
and the southern districts (Campania, Lucania, and Apulia)
have yielded large quantities, the chief source in Etruria
being Yulci, and in the other districts Nola, Capua, Ruvo,
and other less-known places. The vases from the latter

are mostly the product of local Greek artists in the great
colonies of ^lagna Grfecia. Several places in Sicily, such
as Gela and Locri, have also been fruitful in Greek vases.

In Greece proper Athens and Attica have yielded the

largest proportion, especially of the earlier periods ; Corinth
and Thebes have produced many of local and of Athenian
manufacture. Among the islands, Rhodes, Thera, Melos,
and Crete have been most productive, especially of vases
of the primitive period ; but in Rhodes large numbers of
all dates have been foimd. The pottery of Cyprus is mostly
local, and under Phoenician influence ; other sites which
should be mentioned are Kertch in the Crimea, Naucratis

Fig. 1.—Vase from Cyiiriis.

in Egypt, and the neighbourhood of Cyrene on the north

coast of Africa.

The purposes for which painted vases were used by the

ancients have been somewhat disputed ; but the fact of

their being found in tombs tends to show that they must
have been largely manufactured for this object alone. As
will be shown later on, there are two or three classes of

vases which, not only from the subjects depicted on them,
but from other evidence, can be proved to have been made
exclusively for funerals. The vases were placed round the

corpse when it was laid out for burial, and were, no doubt,

often filled with oil or fragrant perfumes ; afterwards they

were placed round the body in the tomb, it being the

universal belief of the Greeks, as of other nations, that the

dead required in a future existence all the objects of which
they made use in their daily life. In some cases the vases

appear to have been deliberately broken, with the idea that

the dead person could only use what was " dead ' also.

In daily life it is probable that the use of painted vases

was largely analogous to the modern use of china. The
ordinary household utensils, such as driukiug-cups, wine-

jugs, and pitchers for fetching water, would be made of

plain unpainted pottery, while the more valuable and
elaborate specimens would be applied to the decoration of

the house, or only used on special occasions. Some shapes

are obviously adapted for hanging up against a wall

;

while the fact that on many of the later vases the decoration

of one side is markedly inferior to that of the other seems
to show that they were placed where only one side was
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meant to be seen. Another use of vases was as prizes in

the games held at Athens in honour of Athena ; this

extremely interesting class will be described more at

length later.

It will be necessary to say a few words on the

methods of construction and decoration, and the materials

used therein.

Of the processes adopted for the preparation of the clay

we have little information. It was largely obtained from
the neighbourhood of Athens and Corinth, which places

may be regarded as the centres of vase-making in Greece
proper. At Athens there was a regular potters' quarter,

known as the Ceramicus ; it adjoined the chief burying-

place, and was, therefore, convenient for the manufacture
of vases for funeral purposes.

The use of the potter's wheel for modelling the clay was
known in Egypt iu very remote times, and even in Greece
was credited with a legendary origin. There are several

references to it in Homer, and the vases which are usually

referred to his period are certainly wheel-made. It is,

however, possible to point to many specimens, especially

those of abnormal size, which must have been hand-made.
As to whether the wheel was turned by the hand or the

foot there seems to be some little uncertainty, but probably
the hand was mostly employed.
When the clay had received the required form the

surface was carefully smoothed and the vase placed iu the

air to dry ; the handles, which had been made independently,

were now attached. The vase was now ready for the

baking, one of the most critical processes in the potter's

art, owing to the necessity of adjusting accurately the

amount of heat required. Frequent instances have come
down to us of discoloured vases, which have been subjected

to too much or too little heat. Mishaps during the firing

were attributed to the malicious influence of evil spirits,

and various methods wero resorted to to counteract this

influence, as we read in a poem attributed to Homer,
where the aid of the goddess Athena is invoked against a

long list of evil spirits. The ovens for baking seem to

have differed Uttle from those in use at the present day.

The remains of several such ovens have been foimd in

Italy, Germany, France, and England.
The vase having passed successfully through the process

of baking, the next thing was the decoration. As this

varied so much in method and extent at the various periods,

it will be impossible to give here a general description of

the painting processes, which must be treated of later on
under the different headings. In most cases a further

firing was necessitated to fix the colours, and, this having
been done, the vase was regarded as completed.

The r.tudy of Greek vases is of little use until the various

shapes and the purposes for which each was employed are

mastered. Unfortunately, with the space at our disposal,

it is impossible to give a complete list of the forms with
the illustration of each which would be necessary : but
it is to be hoped that a brief description of a few of the

principal ones may be of some assistance.

The purposes for which vases were employed by the

Greeks may be roughly divided into—(1) for storing liquids

or food
; (2) for drawing or pouring out liquids

;
[H) for

drinking-vessels ; ti) for the toilet, games, or other occa-

sional uses.

Of those included under (1), the cw/j/iora is the most
important and continuously popular : a large jar with two
handles and a rather narrow neck ; it was used for storing

wine in cellars, and also for funeral purposes. The xtamnos

is another variety, with a very short neck and stout body,
used for storing wine or food, such as sweetmeats. The
cratn- was a vase more especially in demand at banquets,

as it was used for mixing wine and water in large quantities

;

it is a large bowl with wide neck and two vertical handles.
The lel/es is a large bowl without foot or handles, and was
placed on a stand or tripod ; metal vases of this shape were
specially used for boiling liquids.

(2) The hijdria, or pitcher, is a vase with three handles,
generally of considerable size ; its use for fetching water
from a well is often depicted on vases. The oinochoe is in

shape equivalent to the modern beer-jug, and was used for

carrying round wine at banquets ; it was filled from the
crater. It was also used in oft'ering libations to the gods.
It has many beautiful varieties of form, each with its

separate name.
(3) The favourite drinking-cup among the Greeks was

known as the ki/tix—a large shallow bowl on a high stem,
with two graceful handles. It is, perhaps, the most beau-
tiful shape of all Greek vases, and all the masterpieces of

the greatest vase-painters take this form. Other drinking-
cups are the cotyle, a deep cup with two flat handles ; the
ccintharus, a beautiful form of cup with a high stem and
two graceful handles; and the rhyton. a drinking-horn,
the lower end of which was always moulded into the
head of an animal or some other form.

(4) Many vases were used for holding oil, whether for

the use of athletes in the games or for general purposes ;

the chief form is the lekijthos, a straight, slim vase with a
very long narrow neck, the object of which was that the
oil might pour out slowly. This shape was especially impor-
tant for use at funerals. The ahwastr'in (so called because
originally made of that material) and (injliUns are varieties

of the Ukythos . the latter was used more especially by
athletes. Another very common form is the askos, so
named as being originally imitated from a wine-skin—

a

small vase, generally supplied with a spout as well as a
mouth. The pij.ris, or toilet-box, should also be mentioned

Flu. 2 —Vase from lalvso*.

here ; it was generally of cylindrical fo.'m with a olosely-

fitting cover, and contained various objects connected with
a lady's toilet.

Thus much having been said by way of introduction to

the subject, we will now proceed to treat of it from a
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historical aspect, taking the various fabrics, as far as

possible, in order of date, and pointing out the special

characteristics of each. It may, however, be advisable

first to say a few words on the chronology of the dittbreut

periods.

Roughly speaking, we may divide Greek vases into four

great classes, as follows :

—

A.— Vdsi's of tlw rn'i/iitiri' Period, down to about (iOO B.f.

;

decoration in brown or blacl; on a groimd varying from
white to pale red, often unglazed ; human figures and
mythological scenes rare.

R.— IHack-ii(iurid Vokcs, from 60Q to 500 b.c. ; figures

painted in black, like silhouettes, on glazed ground
varying from cream colour to bright orange-red, with
background of lustrous black varnish ; mostly mythological
scenes.

C.

—

Red-fif/ured Vases, from 520 to 350 n.c. ; figures

outlined on red clay, and background filled in round them
with black varnish ; inner details painted in afterwards

;

scenes from daily life or mythological. With these are

included vases with figures in polychrome on white ground.
J).— Wistsof the r>eeiidenee, from 360 to 200 n.c; method

of class C, but careless and inferior ; scenes sepulchral

or fanciful
;

general striving after effect. With these

are included various forms of moulded vases or with
decoration in relief.

This classification, though serviceable, is of course far

from exhaustive, but will form a convenient di\'ision for

the four succeeding article;; which will be necessary to

complete the subject. It must, however, be borne in mind
that the transition from one to the other is by no means
clearly marked, and any such distinctions as these must
perforce be more or less conventional.

(To be continued.)

WHAT IS A NEBULA?
By E. Waltkr Maundek, F.E.A.S.

IN
my previous paper* it was my wish to lay stress on
the thought that our solar system must not be taken
as the type of all systems ; that the simplicity of its

construction—practically the entire mass of the
system being locked up in one central body—must

not be supposed to represent, certainly does not represent,

the condition of things in other regions of space. To my
own mind, indeed, it seems the more probable that such
centralized systems are the exception rather than the rule.

Tossibly the isolation of the solar system has had much to

do with this marked autocracy of the sun ; if so, we might
expect a greater amount of decentralization where two or
more systems are in closer neighbourhood to each other.

I wish on the present occasion to suggest that, just as

we must not take the mode in which matter is distributed

in our system as a type of its distribution in other systems,
so neither must we take its distribution in our sun as a
type of its distribution in other suns.

In our own sun, as I have before had occasion to point

out in Knowledge,! by far the greatest portion of the
sun's mass lies below the photosphere. From the point of

view of mass, the chromosphere prominences and coronre

may be neglected. They are probably less important rela-

tively to the sun than our atmosphere is to the earth.

What is even more germane to our present point, they
are practically negligeable as to the amount of light which
they emit. In spite of the fact that the corona has been
traced to a distance of six solar diameters from the sun, as

* Knowledge for ISovember, 1895.

'The Temiity of the Sun's Surroimdiugs," March, 1894.

by Newcomb in 1878, and that prominences of a total

elevation of three hundred thousand or four hundred
thousand miles have been recorded, it still remains the
fact that the corona can only be seen when the sun itself

is hidden, and the prominences only by the artifice of the

spectroscope. Were the sun removed to stellar distances

we should have no hint of their presence.

r>ut though these appendages are not sufficiently

important in the case of the sun to reveal themselves
from stellar distances, we are not without Eome direct

indications of similar formations in the case of some
stars. As to prominences, the continual increase in the

number of stars showing not only the lines of hydrogen
bright, but the helium lines as well, the recent discovery
of a bright (' line in some well-known stars, and the

confidence with which we look for i.hese lines in the

spectrum of any Nova which flashes out upon our view,

point unmistakably to vastly developed prominences and
chromospheres as inseparable appendages of a large pro-

portion of stars ; whilst C^ampbell's remarkable observation

of a positive hydrogen disc to the star DM -f 30°,

No. 3059 {Aslron. <ind Asirojili., XII., p. 913), stands out

as an example more striking in its character than we could
have possibly expected.

The indications of stellar corouii' are much slighter.

We could not expect it to be otherwise, since as yet we
have secured no clear and indisputable record of the corona
of our own sun, except during a total eclipse. And the

evidently composite character of the coronal spectrum
renders it all but hopeless that the spectroscope should

assist us here. In effect, the coronal light is chiefly

reflected sunlight and white light from incandescent dust

particles. Neither of these sources could give us any sign

by which to recognize them m the surroundings of a star.

The only available means of detecting a corona is in its

faint bright-line spectrum. This consists mainly of the

hydrogen and helium lines, and the so-called " coronal

"

line— 1474 on Kirchhofl's scale. But even here it is a

moot point whether we should not rather consider these

bright lines as properly belonging to the chromospheric
and prominence region than to the corona itself. At best,

then, our one chance of any hint of a stellar corona is

the occurrence of the bright coronal line— 1474 K.

It seems to be sufficient, then— it is the utmost the

probabilities of the case would lead us to expect—that on
two occasions Xorn' should have shown the 1474 K.
line : Nova Cygni in 1870, as observed by Cornu, Vogel,

and Backhouse, and Nova Aurigie in 1892.

These hints as to the existence of stellar chromo-
spheres and coromp do more than warrant us in concluding

that the stars in general possess a structure which in

these features resembles that of the sun. They prove

—

what, indeed, I claim that we ought on i! priori grounds to

expect—that in some instances the stellar chromospheres
and coronas are of vastly greater relative importance than

in the sun. The scheme of the general structure is

probably alike in all, whilst the proportion which the

different details bear to one another varies indefinitely.

These considerations seem to me to have a distinct

bearing on the problem of the gaseous nebulie. It is

hard enough to understand how we can have gaseous

masses of such enormous extent. The difficulty is

increased when we bear in mind how extreme must be

their average tenuity. It will be remembered that Mr.
Ranyard showed that in the case of the Orion nebula,

evidently one of the densest, there was good cause to

think that its mean density could not exceed one ten-

thousand-millionth of that of our atmosphere at sea-level.

To this we have to add the yet further difficulty that the
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nebula has no slight luminosity, and the extension of its

spectrum far into the ultra-violet points to a considerable

elevation of temperature. Yet, on the other hand, the

presence of the yellow line of helium would indicate that,

in those regions which give this line, the gas is at a far

higher pressure than that just indicated. Lastly (and
perhaps the most difficult feature of all), whilst we should
expect a freely expanding gas to diffuse itself equally

and indefinitely in all directions, we find nebuhe taking

strange and complicate shapes, and showing here and there

strongly-marked outlines.

If we think of nebulse as merely vast extensions of rarefied

gas, it is exceedingly diiiicult to understand this last-named
peculiarity. To take the Orion nebula, for example: how can
we explain the sharpness which some of its brightest edges

show—the Fish's Month, the Great Proboscis : how regard

its delicate complexity of detail, if we think of it as merely
a vast mass of feebly glowing gas '.' Look for a moment
at Dr. Eoberts's striking photograph of Messier 78 in the

November number of Knowledge. Can it be supposed
that this is a purely gaseous object, with so well-defined

and yet so irregular a margin as that on the n.p. side '?

Or that the curious conical dark area shown in Dr.

Roberts's present plate of the nebula near 15 Monocerotis
is formed by the retreat from it, through some unexplained
force, of the glowing gases which are in such evidence

surrounding it ? But if we follow out the idea already

suggested, that there are in sidereal space systems wherein
the arrangement of matter differs from that in the solar

system in two directions—first, instead of being concen-

trated into one sun it is distributed amongst many ; and,

next, instead of the chief bulk of each of these suns lying

below the photosphere, a disproportionate amount exists

in the form of chromosphere and corona— it is easy

to see that an appearance might be created not different

from that which we recognize in many nebulfe.

The aspect of such a system, as viewed from our stand-

point, would vary according to the arrangement of the

stars, and the relative importance of the actual stars them-
selves and of their appendages. The closer the stars were
together the greater would be the tendency for the

hydrogen and coronal streamers to be drawn out to an
enormously exaggerated extent, and these might, in the

mass, be more apparent to us than the stars themselves ;

whilst the character of the spectrum of such a group, whether
continuous or gaseous, would depend on the relative

brightness and surface of the stellar photospheres and of

their prominences. In other words, whether it appeared
to us as a star-cluster or a nebula would depend largely upon
whether its substance was aggregated into comparatively

few bodies or distributed over a vast number of inferior size.

If we imagined such a transformation to take place in

our own system, the sun being degraded to the rank of a

eelf-luminous Jupiter and the various planets raised to

the rank of miniature suns, all with extended chromo-
spheres and coronffi, and we were to view the whole
from a great distance, it would appear to us as a spiral

nebula ; irregular and broken, it may be, but still

approximating to the spiral form.

The example of Saturn's rings, where we have a vast

number of small bodies so evenly distributed as to appear
like a series of solid concentric rings, and the usual

diagrams of the solar system, may suggest that a similar

target-like appearance would result. But this would not

be the case unless the subdivision were carried to the same
extreme extent as in the Saturnian annuli. However
complicated the orbits of the various little suns might be,

each body would only occupy one part of its orbit at any
given time, and there would be no other bodies, except by

accident, to mark out the rest of its course. At any given time
the distribution of these sunlets would be unsymmetrical

;

but the general tendency, however irregular and broken their

arrangement, would usually be towards the spiral form.

Such an object as the great spiral nebula in Canes
Venatici need not, therefore, be looked upon as rotating

gases, subject to no control but that of the general mass.
It is difficult, indeed, to see how it could be conceived as

such. But the gases which make their presence evident

in it are probably under the control of a great number of

somewhat small suns, which form the bright knots that

trace out its remarkable spirals. They form, in effect, the

chromospheres of these little orbs.

We are not to suppose that these are true stellar

atmospheres. As I pointed out in the case of the sun,

the molecules of hydrogen and helium in the prominence
region round the sun are probably moving in free paths,

and do not build up an atmosphere in which one layer

presses on the layer below it. In nebulas of the kind
referred to, but giving a continuous spectrum, we probably
have cases where the chromospheric element is less

important than the coronal. It is noteworthy— it is a

point on which Mr. Ranyard insisted again and again

—

that the nearest approach to the coronal forms is to be
found in the study of nebular structure.

One great objection to the foregoing suggestions lies in

the peculiarity of the nebular spectrum. If the sim showed
the two lines at wave-lengths 5007 and 4059 the difficulty

would be solved. But though the sun fails to give us
these two typical lines, yet the balance of evidence appears
to show that these are just the lines which yova give to

us in their second or fainter aspect. At their first out-

burst we get a spectrum which is practically chromospheric :

later, when they have faded down, a spectrum which is

practically nebular. It may well be that, could we examine
the spectrum of the outermost regions of the corona under
favourable conditions, we might find these two enigmatical

lines ; but in the meantime Nova Cygni and Nova Aurig*
are sufficient to form a connecting link between bodies at

such opposite ends of the series as our densely concen-
trated sun and the indefinitely diffused nebula'.

To sum up, I would wish to urge that our best and
safest way to understand the nature of the sidereal

structures is to argue from the one system which is

sufficiently near us to reveal something of its character

—

that is to say, our own. But that, whilst we may
reasonably take its constitution as a type, just as the

structure of one vertebrate may be taken as typical of all,

we must be prepared to find the largest differences in the
scale upon which other systems are built, and in the
proportions which their several parts bear to each other.

And a system in which the total mass was distributed

amongst very many small members, and in which the
chromospheric and coronal element was in large excess of
the truly stellar, would undoubtedly appear to us as a
nebula. Whether there are nebube of an altogether

different typa is a question beyond my present purpose.
-- - -

NEBULA NEAR 15 MONOCEROTIS.
By Isaac Roherts, D.Sc, F.R.S.

R.A. Gh. Sum., Decl. N. 10^ 0'.

THE photograph covers the region between R.A.
Oh. 32m. 5(;-8s. and R.A. Gh. 37m. 53 8s.; Deol.,

between !)' !l-6 and 10 lo-3' North.

Scale, 1 millimetre to twenty-four seconds of arc.

Co-ordinates of the Fiducial stars marked with
dots for the epoch a.d. 1900.

• Knowledge, llaivh, ISO-t.
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Star (
•

). D.M. No. 1822. Zone + 0°. R.A..

6h. 83ra. 4'2-Os. Decl., N. 9° 44-5'. Mag., 8'1.

Star (••). D.M. No. 121.-.. Zone + 10 . R.A.,

Gh. 85m. 8-8s. Decl, N. 10 28-0'. Mag., 8'8.

Star (•/). D.M. No. 1844. Zone + J)". K.A.,
6h. 35m. 40-53. Decl., N. 0". 340. Mag., 8-1.

Star ( :
:

). D.M. No. 1350. Zone + n. R.A.,

6h. 85m. 57'4s. Decl., N. n° 50-7'. Mag., 8-3.

The photograph was taken with the 20-incb retloctor on
February 13th, 1895, between sidereal time 4h. 20m. and
7h. 23m., with an exposure of the plate during three hours.

References.

N. G. C, No. 22G4 ; G. C, No. 1440 ; h 401 ; Lord
Rosse, Ohs. of Xeb. and CI. of Stnrs, p. 53 ; Prof. Barnard,
Astronomy and Astro-physics, Vol. XIII., pp. 178, 182.

Sir J. Herschel and Lord Rosse suspected 15 Monocemtis

to be a nebulous star, or else involved in nebulosity : but

they could not detect any nebulosity in the region surround-
ing the star.

Prof. Barnard took three photographs of the region

in .January and February, 1894, and upon them found
nebulosity covering a diameter of about three degrees .

but the photo-instrument which he used had only an
aperture of six inches and focal distance of thirty-one

inches. The scale of the photographs is, therefore, too

small for showing the structural details of the nebulosity,

which are partly shown on the print herewith presented,

and more clearly visible on the original negative.

The star (15 Moiiocerolis) is involved in the centre of

the light-circle at the centre of the print ; and the rays of

light which are seen in the north, south, east, and west
directions, from the star, are not objective, but due to

instrumental causes.

COMETS OF SHORT PERIOD.

By W. E. Plummek, M.A., F.R.A.S., Dbeetor oi

Bidston ( ibserratory.

WITHIN the last few years some of the comets
of short period have shown a tendency to

behave in an irregular and unexpected
manner. They no longer present the well-

regulated class of objects that they did in,

say, the middle of the century, when, less numerous, their

return could be counted upon with confidence, and their

appearance predicted with an approach to certainty.

While some have probably disappeared as distinct comets,
fresh discoveries have added others—sometimes, indeed,

suggesting reappearances of old friends—till the very
nomenclature has become confusing ; so that it seems
desirable to review the entire history, and endeavour to

straighten out some of the difficulties that the addition of

fresh members to the solar system has introduced.
Evidently and conveniently, the entire family of periodic

comets, or rather of those whose aphelia fall near the orbit

of -Jupiter, can be divided into two classes : those which
have been observed at more than one apparition, and those
which have only been seen once. The first list can be
again subdivided with advantage, since it contams speci-

mens of two very different classes, namely, those which
remain with us after one or more revolutions, and those
which, after pursuing a regular course, have subsequently
been lost. The following table contains those, and those
only, whose reappearance can be counted upon with
tolerable certainty. The order of arrangement is that ol

the respective mean distances from the suu.

Ordiniirv
DeMigniitioii of

Comet.

J
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that had elapsed since 1878, the predicted place -was

very close to the actual. This happy recovery makes one

hesitate before pronouncing a comet lost, and necessitates

a close examination of the circumstances under which the

return takes place.

The third comet on the list is not likely to cause any
confusion, because a second name is attached to that of

Tempel, -nho first found the comet in 1809. This addition

of Swift's name marks a particular fact in its history,

which serves to identify the comet. No definite orbit was

derived from the observations of 1869, although it was
known that parabolic elements would not represent the

path. Consequently, no indication of its future career

was made. The comet made its approach to the sun in

1875 and was not seen, but in 1880 it was independently

discovered by Prof. Swift, whose name is therefore linked

in the description. One peculiarity in its history arises

from the fact that its period is almost exactly five and a

half years, so that for a long time the returns will be

alternately favourable and unfavourable for observation. In

1886 it passed unnoticed ; but in 1891, when its theoretical

brilliancy was one hundred times greater, it was well

observed, and is apparently as much a permanent member
of our system as a comet can be.

'Winnecke, D'Arrest, and Faye call for little remark.

They have been imder regular observation for approxi-

mately half a century, and are well iinder control.

Winnecke dates back to 1819 with certainty, and probably

to 17C(>, though it was not till 1858 that its peculiar

motion was recognized. D'Arrest was first observed in

1851, and has been repeatedly seen since, though the

circumstances of its return are occasionally unfavourable.

Faye, a comet which is now under observation in our larger

telescopes, has run an uniform course since 1813, and has,

thanks to Prof. Axel. Mdller's admirable discussion, perhaps

proved itself the best timekeeper of the periodic comets.

The two remaining comets, those of Finlay and Wolf,

are modern introductions, and are entitled to more
consideration on account of the many interesting problems

they ofl'er for solution in regard to the capture of comets

by Jupiter, or the connection that may exist with older

comets since disappeared. In the case of Finlaj% the

position of the orbit with reference to the ecliptic is very

similar to that of the comet 1841 I. (known as De Yico's),

a comet which will appear in the second list, for though
undoubtedly periodic it has never been seen since that

date. The dimensions of the orbit do not accord so

well, but the disagreement is not so great but that the

plausible hypothesis was raised at the time that the 1844

comet had encountered a small planet and sufl'ered con-

siderable perturbation. But Finlay's comet requires

more than a year longer for its revolution about the sun

than does De Vice's, a circumstance which evidently tells

against the probability of the two objects being identical,

since it is difficult to understand how one element of the

orbit should be so materially affected and the others

remain comparatively undisturbed. If two objects, seen

to be moving in similar orbits after a considerable interval,

are concluded to be identical because of this similarity, it

must be assumed that perturbation in the interval has

been slight, and therefore cannot be invoked to explain

one point of difi-erence. Another supposition which has

been raised is that the comet is a reappearance of that

known by the name of Lexell—seen once, and once only,

in 1770. This point can be more conveniently considered

in treating of the second catalogue, since another comet
known as Brooks', 18S9 V., also has claims to be con-

sidered the lost LexeU. Fortunately, Finlay's comet was
seen in ls92 (though somewhat fainter than could have

been wished), and its past history can therefore be well

determined ; but it will remain in our catalogues distin-

guished by the name of the discoverer. There is another

and a much larger question. Is the present condition of

cometary astronomy insufficient to decide with certainty

the identity of two comets '? That is to say, is it

possible for astronomers to accumulate observations of the

same body and believe them to refer to two distinct

objects '? That is a question which it is hardly safe to

answer categorically, but it is one to which we shall

return.

Wolf's comet, the last on the list, has a history as

interesting as any. It was first seen in 1884, and the

earliest published elements showed similarity with those of

a comet discovered by Coggia in 1874, and whose probable

period is three hundred years. More trustworthy elliptic

elements proved, as Dr. Hind pointed out, that the path of

the comet approached very closely to that of Jupiter, and
that in May, 1875, the comet was actually so near to that

planet as to be brought within its influence. This point

has been examined very closely by the lately deceased

^I. Lehmann Filhi^-s ; and he has derived, with very close

approximation, not only the elements in which the comet

moved when under the influence of Jupiter's attraction,

but also the character of the orbit before undergoing that

violent alteration. This inquiry explains why the comet
had not been previously seen, though it may have regularly

revolved about the sun for ages before. The original

elements, as we may call them—that is, previous to 1875

—

possessed a much smaller eccentricity with a longer period.

Consequently the perihelion distance had been materially

reduced by -Jupiter's attraction (as a matter of fact to about

one half that which it previously had) , and the practical eflect

for us was to bring the comet within the range of our tele-

scopes. The investigation will probably be made again more
rigorously, and with more correct data ; but, as it stands,

it ofl'ers a very satisfactory explanation of the reason why
the comet had not been seen earlier, and was seen then.

It must have passed us in 1878, but it is known that the

position in the sky was then imfavourable.

We have now to consider three comets, all of which
there is grave reason to believe have escaped beyond our

cognizance, and are no longer to be recognized as comets.

They are given in the foUowhig table in the order of their

period, together with some additional information which
may assist us in forming an opinion of their possible

recovery :

—

OvJiuary Desicnation
of Comet.
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course, made tbe comet brighter, since it brought it

closer to na. lUit there is another point about tlie orbit of

not less interest : the motion is of such a character that

every ninety-five years it must come under tlie inlhicncc of

.lupiter; but the action of tliat planet will not alwnys

be favourable to its continuance with us, and in lli:!7,

had the comet pursued the even tenour of its way, it

might have been dtflectcd into a hyperbolic path.

It would have been highly gratifying had the comet
remained visible till

wo could have ac-

counted for its disap-

pearance as satisfac-

torily as for its intro-

duction. And this >nay

happen yet, for the

comet bus shown Ihictu-

atingvalues inbrilliancy

and may recovir. If

we consider a conit't to

shine by reflected light

it is evident that its

brilliancy should vary

inversely as tlie product

of the squares of its dis-

tance from us and from

the sun. On this sup-

position we can compute
its theoretical brilliancy

for the first and last

time at which it has

been seen at each ap-

parition. Of course the

quantities are not strict-

ly comparable. Proxi-

mity to the sun, or the

presence of moonlight,

may rob us of the comet
where under better con-

ditions it would have

been visible in our

telescopes. The values

of this brilliancy are

set out in the following

table, and the apparent-

ly liopeless expectation

of seeing it again is em-
phasized by the fact

that in 1890 the bril-

liancy exceeded 8-0, and
though sought by many
experienced observers

the comet remained
invisiljle.

Fig. 1.—Spunisli Chestnut Tree,

Date.
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Biderably outside the orbit of Mars. Such a removal from
the sun has, of course, robbed the comet of much of its

brilliancy—never very great ; and this, accompanied with
the uncertainty in its actual position, explains the reason

of its invisibility, and makes us despair of seeing it again.

Concerning Biela, like Encke, it is unnecessary to say

anything. It has a history so interesting and special that

it is everywhere known. Of its division into two parts, of

its subsequent disappearance and re-observation as a shower
of meteors, it is unnecessary to speak, as these facts are

impressed on the memory of all.

THE SPANISH
CHESTNUT.

By George Paxton.

" Than a tree a grauder child

earth bears not."

TAKING the word
in its widest

meaning, what
is more useful

to man than a

tree '? or what more
ornamental to old
mother Earth ? A
country without trees

we cannot imagine to

be anything but a desert.

Yet our commoner trees

are very imperfectly

known. A few short

papers, treating them
in a popular manner,
avoiding all botanical

names and technical

terms whenever pos-

sible, will, we think,

prove interesting, as

well as instructive, to

our readers.

If a " tree is known
by its fruit," the chestnut

ought to be one of our

best known trees. Few
there are unacquainted

with the chestnut
barrow of the London
streets and its hot con-

tents, or who have not

burned their fingers

roasting chestnuts at

the hearth on a cold

winter's evening. We
purpose, therefore, to

confine our remarks
in this number to a few facts about the sweet chestnut.

This tree is commonly called the Spanish chestnut, to

distinguish it from the horse chestnut ; botanists call it

Castnjue vesca. It is very well known and largely grown
in this country, coming next to the oak in point of size

and the durability of its timber. Some authors consider it

indi.Ljenous to Britain, but it appears more probable that,
notwithstanding the great age of some of "our chestnuts,
this is not the case. However, it has a verv wide distribu-

tion, being found in lairope, Asia, North" Africa, North
America, and all the sub-tropical islands of the Atlantic.

Fio.2.—Leaves and Fruit of Spanish Chestnut. (About one-fourth natural size.)

The tree grows to a height of from sixty to one hundred
feet, and sometimes attains an immense girth ; the leaves

are large, oblong, shining, and serrated (Fig. 2), of a

beautiful light green colour. Foliation takes place about

the middle of May, and the leaves are retained till late

in the autumn, sometimes till midwinter. The fruit,

mifortunately, does not come to perfection in large

quantities in this country, most of the chestnuts we con-

sume being foreign. In France, Spain, and Italy these

nuts form an important article of food, where they serve

in a great measure as a substitute for bread and potatoes.

From these countries we import annually upwards of fifty

thousand bushels of

chestnuts.

The wood of this tree,

when it is cut com-
paratively young, is

excellent for building

purposes, and also for

furniture, its close grain
enabling it to take a
good polish. It is also

largely used for making
wine casks ; the wine is

said to ferment more
slowly in them than in

casks made of any other

wood.
The most celebrated

chestnuts in the world
are those growing on
the slopes of Mount
Etna

; the largest,

which is said to be over
two thousand years old,

is called " Castaiw di

Ct'iitii CnralU " — the
chestnut of a hundred
horses. Its girth was
over two hundred feet

a hundred years ;igo.

The trunk is hollow,
and a family reside in

it ; while a whole Hock
of sheep is likewise

folded La the enclosure !

Another tree on the
same mountain is seven-
ty feet in girth, and a
third sixty-four feet

the stems of these trees

attain no great height,
but branch otf near the
ground, and their great
girths are probably the
result of rooting of
many of the branches,
thus forming immense
The famous Torth worth

in England (if still

The largest tree

bushes rather than single trees

Court chestnut is the largest tree

standing), its girth being fifty-two feet

in Scotland for many years was the Finhaven chestnut in

Forfarshire ; its girth was forty-two feet eight-and-a-half
inches, but it was cut down about twenty-five years ago.

In the beautiful landscapes of Salvator Rosa this is the
favourite tree. In the mountains of Calabria, where
Salvator lived, the chestnut llourished ; there he studied
it in all its forms, breaking and disposing it into beautiful

shapes as bis composition required.
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Virgil mentions the chestnut in his " Eclogues " and in

his " Georgics " as a tree. In the first I'clogue lie says of

its fruit :

—

' Kipc a]i]>los ami soft chcstnufs wo hu\r tlu'rt\

And curtl !ilmii(I;iiit 1o snjijily our fare."

And in his second Eclogue, as rendered by Orydcn, he

writes :

—

" Mvsolf will s,'tti-ch our plant cil {jroiiTids at liomp

For (lownv poaches and the i;lossv phini,

And tlivash t)io chestnuts in the ncif^hliourinf; (Jtrovc.

Sui'h as inv AniarvUis used to love."

The old I'nglish poets frequently allude to the chestnut,

and Milton refers to the custom of roasting chestnuts when
he says :

—

" While hisses on my hearth the pulpy pear,

The black'uiug chestnuts start and crackle there."

LIFE IN BABYLONIA IN PATRIARCHAL TIMES.

By Theo. G. Pinches, M.R.A.S.,

Diimrtment of Egyptian anil Assyrian Antiquities, British

Museum.

ACCORDING to Babylonian chronology, the patri-

archal age in Palestine seems to have corresponded

with the period immediately following 22(3o b.c,

the earlier portion probably diflering from the

received chronology by two or three hundred

years. This question of chronology is a difficult one, and,

though important, does not really belong to the scope of

the present

paper. Those

who wish to

go into the

question of

dates may
consult the

works of

S a y c e,

p p e r t,

Schrader,
etc.,though,

to say the

truth, a

really satis-

factory
scheme of

chronology
must, in the

present im-

perfect state

of our know-
ledge,neces-

sarily be a

matter of

time. Those
who read
the present

paper to the

end, how-
ever, will

see wlay the date of 2200 b.c. has been chosen as the earlier

limit of the period treated of.

The age of the patriarchs in Palestine appears, from

the account that has come down to us, to have been one

of great simplicity of manners and customs, and of an

Sketch Map of Western Asia.

exceedingly primitive State of civilization. All civilization

was then (compared with the present day) exceedingly

primitive and simple, but it must not be imagined that the
standard of the Hebrew patriarchs is to be that for the

civilized world at that age. As early as IJHOO ii.c. the

cuneiform writing in use in I'labylonia had not only lost, for

the most part, tlio hieroglyphic form which it originally

had, but had also become highly artificial ; and certain

arts, notably that of engraving on hard stone, had made
considerable advances. For sixteen hundred years after

that time civilization had been marching with slow and
measured pace (for everything c;oo3 slowly in the East),

struggling in the tranimeLs of superstition, and against

the retarding incursions of barbarous hordes—disadvan-

tages with which it had to contend until the world was
well within the present enlightened era.

Whether, when Abram, the father of many of the

Semitic tribes, was in the district or city known as ['r of

the Chaldees, he was living in a town or in the country is

uncertain. The general opinion among scholars at present

is that I'r is to be identified with the ancient city of Uri

or Uriwa, now represented by the mounds known as

Mugheir (Mukeyyer), in Southern Babylonia. This may
be so ; but it seems to be more likely that Ur of the

Chaldees (Ur-Kasdim) is simply the Akkadian name of

the district (not the city) known as Akkad, which, in

the language there spoken, was called Uri. Abram, with
his flocks and herds, would probably have preferred to

live out in the country, rather than in (or even so near as

to be called "in"') a city. The cities of Babylonia,

however, must have been well known to him during the

time that he
lived there.

Small
reason
would an in-

habitant of

the plains

have to love

the cities of

Babylonia
—

^,j
u s t as

little as he
would love

the cities of

the East to-

day. The
streets were
narrow and
the houses
small. The
walls were
mostly of
unbaked
brick, some-
times plas-

tered over,

and the fire-

places were
primitive in

the extreme.

The drain-

The builders of

eeping the
age, it is needless to say, was unsanitary

the houses knew, nevertheless, the importance of

walls free from humidity, for they constructed drains and

ventilators in them for tliat purpose. Life in an old Baby-

lonian town, even with all the comforts of a royal palace of
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the time, would have fallen far short of what we are accus-

tomed to in most of the houses of Europe to-day. Life

outside, in a tent, would certainly have been preferable.

To a monotheist, also, the heathen practices of the poly-

theistic Babylonians must have been far from sympathetic,

however much he might have admired their intelligence,

their philosophy, their civilization, their love of justice,

and their kind-heartedness, which was, to all appearance,

often thoroughly disinterested.

In judging the character of the people of that time, with

their manners and customs, and their morals, so different

from ours, we are bound to take in consideration the

influence of their surroundings. For them and their

contemporaries there was nothmg wrong in polygamy and

the possession of concubines, and slaves were chattels to

do as one liked with : and it is in consideration of these

customs that we must look upon the possession of two

wives, as the following, from a tablet in the British

Museum, shows :

—

T.-VBLET RECORDING THE MaRKIAGE OF TwO SiSTERS TO

One Husband.

"Arad-Samas, son of Ili-ennam, has taken Iltani, sister

of Taram-Sagila, from Samas-tatum,
'
their father, as his

wife. Iltani is his consort. He will provide for her, he

will care for her, he will carry her seat to the temple ol

Merodach. The children, as many as have been born,

and as they will bear, are their children (i.e., the children

of Iltani and her sister). If she (Taram-Sagila) say to

Iltani, her sister, ' Thou art not my sister,' then . . . . |

[if Iltani] say [to Arad-Samas] ' Thou [art not my
husband] ,' then he may set a mark on her and sell her for

silver; and if Arad-Samas say to his wife, 'Thou art not

my wife,' then he shall pay her one maneh of silver.]

And they (two), if they say to Arad-Samas, their husbanl.

'Thou art not our husband,' then (the people may)
strangle (?) them, and throw them into the river." j

The names of the witnesses close the inscription.

..irr-

I'l"
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'' Two hnnclrecl and four and two-thirds ka of oil, property
of tho Siin-god, value one-third of a niana, and two-thirds

of a shekel of silver, as price of the fair (skinned) slaves of

the land of (!uti, AradMarduk son of Ibni-Marduk has
received, by the authority of Amel-Mirra son of Jliusati,

from I'bala abi-umr. He will bring the fair (skinned)
slaves of (luti in a month's time. If he do not bring theui

in a month, then Arad-Mirra shall pay, according to his

contract, one-third of a mana and two-thirds of a shekel of

silver."*

One might go on, however, indefinitely quoting interest-

ing and important texts referring to this primitive and yet

elaborated civilization of those early times. Enough has
been given, however, to show what was the nature of the

society and the civilization of the time ; and it has this

great advantage, that it all comes to us at first hand, from
the people themselves. The texts are the same now (when
they are complete) as on the day when the scribe wrote
them, and impressed the cylinder-seals of the witnesses.

There is a noteworthy point in the life of the patriarch

Abram that may here be touched upon, and it is a

point that must have struck many in former days.

Abrani, a simple shepherd owning his own flocks, sets

out from Ur of the C'haldees, and not only traverses

Western Asia, but even visits lilgypt ; and in all the

narrative there is not a word referring to any difliculty

that he may have had in making himself understood.

t

In Babylonia in ancient times it would seem that many
languages or dialects were spoken, and these tongues the

tradesman or farmer probably knew from his youth up.

One of them, Babylonian (generally called Assyrian), he
would speak as his mother-tongue, and of Sumerian and
its dialect (Akkadian) he would know at least a smattering.

"From the Aramaic tribes in the country he would naturally

be able to get a knowledge of Aramaic, and from the

Amorites who were in Babylonia (there was an Amorite
district in or near Sippara, now Abu-habbah, in about 2080
B.C.) he could obtain a knowledge of the language spoken
in Southern Palestine and elsewhere—a tongue, in all

probability, closely akin to Hebrew. For a journey to

Egypt the above would be most likely all that was needed
by him to communicate with the natives, for the Egyptian
Pharaoh was, it is supposed, of Semitic origin, and he and
many of his people must have understood the language of

Western Asia. Any further aid that the traveller might
require, however, he would find ready to his hand in the
language now known as Assyrian (really Babylonian),
which, as it was the lini/ua franca of 1500 b.c, must have
held the same position in Abram's time ; and the
traveller could, in ail probability, have traversed the whole
distance from r>abylonia to Egypt (over a thousand miles
as the patriarch must have gone), communicating with
the inhabitants of the countries he passed through by this

means alone. A traveller's linguistic equipment in those

days was complete if he possessed some knowledge of

Aramaic and Amorite as well.

Recent researches have, indeed, removed not a few
hindrances to our perfect knowledge and understanding
of the early history of that East which is so full of poetry
and romance, and so important for the history of civiliza-

tion. A\'hat may we not find when more of the many
buried cities of the East shall have been explored by the

excavator ? Among the many thousand tablets that still

lie buried there, who can say what may not come to light ?

* Meissuer, Beitrdge, No. 4.

f- Apparently, also, lie was never molested by lawleES tribes—a con-
dition of security which could not be claimed for this part of the
world now.

Science Notes.

Experiments have been made upon the bending of small
bars of ice, supported at the ends in a horizontal position

and loaded at the middle ; and it is found that if such a
bar is so cut that the optical axis is perpendicular to the

length the load causes considerable bending, but a rod
having the optical axis horizontal shows no appreciable

bending under these conditions. This agrees with the
supposition that ice crystals consist of thin lamina;, formed
of a ilexible but almost inextensible substance, the inter-

spaces being filled with a separating medium which is

sufficiently viscous to retard the mutual gliding of the

plates.

We learn that both Messrs. Cook k Son and Messrs.

Gaze & Sons are making special arrangements to convey
astronomers and others to Vadsii, for the purpose of

viewing the eclipse of the sun which is to take place on
August 9th next.

THE FACE OF THE SKY FOR FEBRUARY.

By Herbert Sadler, F.R.A.S.

SUNSPOTS and faculro are evidently decreasing in

number. There will be an annular eclipse of the

Sun on the 13th, but it will only be visible in the

southern hemisphere. Conveniently observable

minima of Algol occur at 9h. 43m. p.m. on the

6th, at 6h. 82m. p.m. on the 9th, at llh. 25m. p.m. on
the 26th, and at 8h. 14m. p.m. on the 29th.

Mercury is not very favourably situated for observation

this month. On the 1st he sets at 6h. 10m. p.m., or

Ih. 24m. after the Sim, with a southern declination of
10° 50', and an apparent diameter of 8|", {'^iha of the
disc being illuminated. He is in inferior conjunction with
the Sun on the 8th. After this he becomes a morning
star, but is badly situated for observation owing to his

great southern declination. On the 15th he rises at

6h. 26m. A.M., or 52m. before the Sun, with a southern
declination of 14° 13', and an apparent diameter of 10",

y^jths of the disc being illuminated. On the 20th he
rises at 6h. 7m. a.m., or one hour before the Sun, with a

southern declination of 15° 84', and an apparent diameter
of 9", To'^oths of the disc being illuminated. On the 29th
he rises at 5h. 52m. a.m., or one hour before the Sun, with
a southern declination of 16° 16', and an apparent diameter
of 7^", about one half of the disc being illuminated. He
is in Capricoruus during the month.
Venus is a morning star, but is rapidly fading in

brightness, and her southern declination is very great.

On the 1st she rises at 5h. 26m. a.m., or two hours and a

quarter before the Sun, with a southern declination of

22° 0', and an apparent diameter of 14^", about three-

quarters of the disc being illuminated. On the 10th she

rises at 5h. 86m. a.m., or Ih. 60m. before the Sun, with a

southern declination of 21° 42', and an apparent diameter

of 14", •/o^l's of the disc being illuminated. On the 20th
she rises at 5h. 41m. a.m., or about one and a half hours

before the Sun, with a southern dechnation of 20° 23',

and an apparent diameter of 13i". On the 27th she

rises at 5h. 8Hm. a.m., or Ih. 12m. before the Sun,

with a southern declination of 18° 21', and an apparent

diameter of 13 ", -r'\j'jths of the disc being illuminated.

During the month she passes from Sagittarius into

Capricomus.
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Mars, Saturn, and Uranus are, for the observer's pur-

poses, invisible.

Jupiter is a magnificent object in the evening sky, and
is admirably placed for observation, being visible all night

long. On the 1st he rises at 3h. 38m. p.m., with a

northern declination of 20^ 10', and an apparent equatorial

diameter of 46 j'. On the 10th he sets at Oh. oGm. a.m.,

or half an hour before sunrise, with a northern declination

of 20 26', and an apparent equatorial diameter of 46'
.

On the 20th he sets at 6h. 14m. a.m., or 54m. before sunrise,

with a northern declination of 20' 41', and an apparent

equatorial diameter of 45|". On the 29th he sets at

5h. 36m. A.M., or one hour and a quarter before sunrise,

with a northern declination of 20' 5', and an apparent

equatorial diameter of 44V'. He is in Cancer during

February. The following phenomena of the satellites

occur before midnight on the days named, while the planet

is more than 8^ above and the Sun 8*^ below the horizon :

On the 1st a transit ingress of the first satellite at

7h. 17m. P.M., of its shadow at 7h. 80m. p.m. ; a transit

egress of the satelHte at 9h. 38m. p.m., and of its shadow
at 9h. 50m. p.m. On the 2nd an eclipse reappearance

of the first satellite at 6h. 5.5m. 25s. p.m. On the 4th a

transit ingress of the second satellite at 9h. 12m. p.m.,

and of its shadow at 9h. 47m. p.m. On the 5th an

occultation disappearance of the third satellite at 6h. 53m.
p.m., and its eclipse reappearance at llh. 42m. 31s. p.m.

On the 6th an eclipse disappearance of the second satellite

at 7h. 48m. 3s. p.m. On the 7th an occultation disap-

pearance of the first satellite at llh. 42m. p.m. On the

8th a transit ingress of the first satellite at 9h. Im. p.m.,

of its shadow at 9h. 24m. p.m. ; a transit egress of the

satellite at llh. 21m. p.m., and of its shadow at llh. 44m.,

P.M. On the 9th an occultation disappearance of the first

satellite at 6h. 8m. p.m., and its eclipse reappearance at

8h. 49m. 593. p.m. On the 10th a transit egress of the

shadow of the first satellite at 6h. I3m. p.m. On the 11th
a transit ingress of the second satellite at llh. 28m. p.m.

On the 12th an occultation disappearance of the third

satellite at lOh. 12m. p.m. On the i3th an occultation

disappearance of the second satellite at 6h. 32m. p.m., and

its eclipse reappearance at lOh. 23m. 35s. p.m. On the 14th
a transit ingress of the fourth satelhte at llh. 3m. p.m.

On the 15th a transit ingress of the first satellite at

lOh. Iflm. P.M., and of its shadow at llh. 19m. p.m. On
the 16th an occultation disappearance of the first satellite

at 7h. 53m. p.m., and its eclipse reappearance at

lOh. 44m. 42s. p.m. On the 17th a transit egress of the

first satellite at 7h. 32m. p.m., and of its shadow at

8h. 7m. p.m. On the 20th an occultation disappearance

of the second satellite at Hh. 49m. p.m. On the 20th a

transit egress of the shadow of the second satellite at

7h. 12m. p.m. On the 23rd an eclipse reappearance of the

fourth satellite at Oh. 22m. 27s. p.m., a transit egress of the

third sateUite at 7h. 2m. p.m., an occultation of the first

satellite at 9h. 39m. p.m., and a transit egress of the

shadow of the third satellite at 9h. 54m. p.m. On the

24th a transit ingress of the lirst satellite at 6h. 58m. p.m.,

of its shadow at 7h. 42m. p.m. ; a transit egress of the

sateUite at 9h. I8m. p.m., and of its shadow at lOh. 2m.
p.m. On the 25th an eclipse reappearance of the first

satellite at 7h. 8m. 17s. p.m. On the 27th an occultation

disappearance of the second satellite at llh. 7m. p.m. On
the 29th a transit ingress of the shadow of the second

satellite at 6h. 54m. p..m., a transit egress of the satellite

at 8h. 10m. P.M., and of its shadow at 9h. 49ni. p.m

Neptune is an evening star, rising about noon on the Ist,

with a northern declination of 21
' 1 2', and an apparent

diameter of 2-6". On the 29th he rises at lOh. 14m. a.m..

with a northern declination of 21° 13'. He describes a

very short retrograde path in Taurus during the month, a

little to the south of the 4?- magnitude star t Tauri. A
map of the stars near his path will be found in the English

Mechanic for August 16th, 1895.

There are no very well marked showers of shooting stars

in February.

The Moon enters her last quarter at Oh. 38m. a.m. on

the 6th ; is new at 4h. 13m. p.m. on the 13th ; enters her

first quarter at 9h. 14m. p.m. on the 21st ; and is full at

7h. 51m. p.m. on the 28th. There will be a partial echpse

of the Moon on the evening of the 28th. The first contact

with the penumbra occurs at 5h. 15m. p.m., with the

shadow at Oh. 16m. p.m., at 85' from the north point of

the Moon's limb towards the east (reckoning for direct

image) ; the middle of the eclipse at 7h. 46m. p.m. ; the

last contact with the shadow at 9h. 15m. p.m., at 30" from

the north point of the Moon's limb towards the west

(reckoning for direct image) ; last contact with the

penumbra at lOh. 10m. p.m. Taking the Moon's diameter

at 1, the magnitude of the eclipse will be 087. The Moon
rises at Greenwich at oh. 27m. p.m.

Cijrss Column.

By C. D. LococK, B.A.Oson.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

ANSWERS TO CORRESPONDENTS.
A Norseman.—All your postcards were received too late

to reply to last month. Please send your address for

registration nest time you write. Your solutions were

correct.

A. (i. FeUoirx.—Many thanks for your letter, explaining

that an alteration of your problem at the last moment gave

rise to the si;perfluous solutions. We believe that this is

the first unsound problem of yours published in this column.

THE EIGHT QUEENS PROBLEM.
(Continued.)

We now proceed to remark on the principal features of

the table of possible positions given in the -January

number :

—

1. Evidently the positions of most frequent occurrence

are those beginning a3, ';6, etc. Of course the same
would apply to positions beginning aO, fc3, or ending g3,

h(i, or g6, hS, for all these are practically the same, the

difiference being merely one of right or left, backwards or

forwards.

2. Each of the positions labeUed a, 3, etc

\ occurs four times in the table of forty-six positions ; it

seems, there fore, remarkable that the sj-mmetrical position ui

should occur only twi<t: Also that, in both the cases in

which it is found, the position is absolutely identical if the

board be turned half-way roimd {i.e., two quarter turns).

This may be seen at once by referring to the two diagrams

ui and cu., in the last number. We beUeve that the

coincidence is confined to these two positions.

8. In three out of the four classes (A, B, C) the squares

h7 and h8 are never filled. In other words, a Queen can

never be placed on KH7 or KR8 when there is a Queen on

QRsq or QK2 or QR3.
4. We now arrive at the interesting question whether
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the fundamental positions a, /3, y, etc. ... a, and w &re

in any way connected

—

i.e., whether one position can be

obtained from anotlior by a uniform shifting of the pieces

in some deliuitr direction. To this i[uestiou we find the

remarkable answer tliiit some of tho positions are in this

way intimately connected with one another, while the

remainder seem to bo entii-ely independent. The positions

which, for want of a better word, we shall call " transfer-

able " are those labelled a, /3, y, S, ?, i, and >.. The
remainder, s, •>;, 0, k, and k, are not transferable by any
process which we can discover. And yet the italicized

positions, Nos. !) and 10 in Class (', and still more Nos. 1

and 5 in Class 1), show how nearly the non-transferable 6

approaches to tho transferable a. In the latter instance

the six CJuocns to the left remain the same ; fl being
obtained from a simply by shifting the (,)ucens on KKtsq
and Kll") to KKtS and Klisq. In no other case is such
a trifling alteration possible, so to speak, at the last

moment.
5. The connection between a, S, y, S, 1^, i, and X is as

follows :—I'o obtain S from a, move the pieces forward one

siiiKor. (A Queen on c8 must, of course, be shifted to cl.)

Now move the position 8 forward one square and we obtain

I. Again take a, and move the pieces (nu'srjunir to thi- right

:

this results in the position j.

A is obtained from a by moving the pieces one square
forirard ilini/otmlli/ to the rii/lit.

The rule for diagonal shifting is as follows :—A piece

shifted to an imaginary square in continuation of a rank or

file must be placed at the ot/ier end of such rank or file,

while a piece shifted beyond a I07111 dini/oniil must be

placed at the opposite corner of the board. For instance,

a piece moved one square forward diagonally to the right

from QB8 must be placed on Qsq ; if from KR8, it must be

placed on QRsq.
To obtain /3 from a, shift the pieces one square hackwards

diagonally tuthf /('/'?—/.(., precisely in the opposite direction

to that used for obtaining A.

^ is obtained most easily from S by moving the pieces

one square hacliirards iliai/onalli/ to the ri;/lit.

[lOj is obtained from tw by a curious method. Move the

pieces on files a and b one square fonrards : files g and h
one square /'"c/."(/)v/s , the two distant pieces one square

to the h'i't : and the two nearer pieces one square to the

right.']

6. We will now endeavour to ascertain why the

positions e, ij, 9, k, and cy are not transferable by any
shifting of the pieces in a uniform direction. For this

purpose we give a list of these five positions.abcdefgh
(e) 8, G, 2, 5, 8, 1, 7, 4.

(r,) 2, 5, 7, 4, 1, 8, C. 3.

(9) 2, 7, 5, 8, 1, 4, 6, 3.

(k) 2, 6, 8, 3, 1, 4, 7, 5.

(cy) 3, 5, 2, 8, 1, 7, 4, 6.

[We have placed the names of the files at the head of

the columns in order to have the figures themselves close

together for comparison.]

Now, examining these figures, we notice

—

(i.) That the square el occurs in every case except (e).

(ii.) In every case except that of («) the figure 8 is

next to the figure 1 : moreover, this will be foimd to be

the case ivhidiever rraij the hoard is turned. In the trans-

ferable positions the figures 8 and 1 are never adjacent.

(iii.) In £,)], and 6 the number of a is within one unit

of the number of h. This is never the case in anij of the

transferable po.iitio7is.

We conclude, therefore, that the conditions which do
wot favour the simple transference of one position to

another are:—(i.) The use of el (King's square) when ali
ali, a3, or a4 are occupied, (ii.) The use of opposite ends of

(iiljiieent files, (iii.) The use oi a number on one Hook's
file within a unit of the number used on the other Hook's
file.

7. I'lnally we arrive at the question—why are there

ninety-two methods of solving tho jn'oblem, neither more
nor less ? Our mathematical abilities proving insufficient

for the deductive solution of this question, we tried the
device of using smaller chess-boards of IG, 25, 3G, and 4i)

squares respectively, hoping to find some recognizable
series of numbers which should determine the law. In
this we were disappointed, for whereas the numbers
increase generally with the size of the board, there is a
remarkable exception in the case of the board of 36
squares. Our results are recorded below :

—

Hoard of 16 si|U;uvs Acluiil melliuJ.s -2

25 ., „ 10
36 „ „ t

49 „ ,. 40
64. „ „ 92

In the Six Queens problem on a 3G-square board the

comparatively small number of solutions seems to be
atoned for by their symmetrical beauty. It is remarkable
also (1) that the corners are never occupied, and (2)

that the colours of the squares are never equally divided

among the Queens—there are always four Queens on one
colour and two on the other. On the full-sized board, four

of the Queens must always be on White squares and four

on lilack.

In conclusion, we must apologize if, in our examination
of this (to us) intricate problem, we have anywhere
sacrificed intelhgibility to condensation. We sincerely

hope, also, that any reader who knows or can discover the

law which governs the problem will kindly communicate
his information.

lisseiillal met/tods—
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THE TRANSVAAL : ITS MINERAL
RESOURCES.

By Pkof. J. Logan Lobley, F.G.S.

THE second half of the nineteenth century has been

prolific in remarkable discoveries and develop-

ments, but, if for no others, it will always be a

memorable epoch from the enormous additions it

has given to the world's stock of gold from three

continents. Its earliest years witnessed the development

of the goldfields of C'aUforuia and Australia, then just

discovered, with the sensational finding of large nuggets

of gold in surface deposits ; and its later years have been

marked by the discovery of extraordinary auriferous rocks

in South Africa.

A testimony to the African continent having for a long

time been productive of gold is afibrded by the name " Gold

Coast," and many believe that much of King Solomon's

golden store was derived from Eastern Africa, while there

are undoubted remains of ancient gold workings both

north and south of the Equator on the eastern side of the

continent. The reputation of Africa as a gold-producing

continent will, however, be chiefly based upon the recent

discovery of the auriferous rocks of the South African

Republic.

This portion of South Africa, commonly called the

Transvaal, is an extensive region extending northwards

from the Vaal River (by which it ia separated from the

Orange Free State) to the Limpopo River. Bechuanaland

lies on the west, and the Lobombo Mountains and Portu-

guese possessions separate the Transvaal from the Indian

Ocean on the east. Its greatest length is from the south-

west to the north-east, and its eastern boundary is within

forty miles from the sea at Delagoa Bay. 'VS'ith a very

irregular boundary, the Transvaal has an extreme length

and breadth of six hundred miles and five hundred miles

respectively, and a total area of about one hundred and

seventy thousand square miles, all lying between 22' and
29- south latitude and 2.5' and 33" east longitude.

In this extensive region gold has been found in many
places since its discovery by Edward Button in the Klein-

letaba in the year 1869. In the northern portion, between

Olifant's River and the Limpopo, the widespread Zout-

pansberg goldfields have been long worked, and, later,

those of Lydenberg and the De Kaap Valley, in the east of

the area ; while, far to the west, and near the Bechuanaland

frontier, there is the less important Malmaui goldfield.

The southern portion of the Transvaal, however, lying

between the Vaal River and Pretoria, has proved by far the

richest auriferous region, from the occurrence in it of rocks

running east and west along which are several series of

parallel outcropping beds, called " reefs," which have been

found to be, speaking generally, continuously gold bearing.

The elevated district containing these auriferous rocks con-

stitutes the now world-famous Rand, or Witwatersrandt, the

gold-yielding character of which was discovered in l.sSo
;

and the town of Johannesburg was founded on the Rand,

at an elevation of five thousand six hundred feet above sea-

level, in the following year. But besides the Witwatersrandt

proper there are in this part of the Transvaal, moreover,

the goldfields of Klerksdoorp to the west-south-west, Venter-

skroon to the south-west, near the Vaal River, and the

Nigel and Heidelberg gold districts to the south-east of

the Rand.
The enormously preponderating importam-e of the

Witwatersrandt district, as well as the relative yield of

gold in the other districts, may at once be seen from the

following statement fi-om the State Mining Engmeer's

report on the gold production of the Transvaal for the

year 1894 :—
Gold.

Goldfields.
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Kivers, to the south and north reapoctivcly. The Wit-

watersrandfc is, indood, the water-parting between the two

great river-basins, the northern portion of the Transvaal

being formed by the slopes, with low hill ranges, from the

High Yeldt to the Limpopo llivor.

Eastwards, the High Veldt rises to greater surface

altitudes, until it attains the crest of a section of the

Drakensborg range of mountains, running north and south,

and culminating in the Mauach Herg, seven thousand one
hundred and scvonty-sevrn feet above tlie level of the sea.

This range descends ou its eastern side witli a steep

escarpment—prominent along which is seen the peak of

Spitz Kop— to the great De Kaap Valley, about throe

thousand feet above sea-level, that extends to the Loborabo
Mountains, forming the eastern boundary of the State.

stratified rocks have a general southerly dip and east and
west strike. The dip is usually at a very high angle,

sometimas even nearly ninety degrees, but commonly
from forty-five to sixty degrees, though a few miles to the

south of Johannesburg and beyond Eagle's Nest the bed3

iire neiirly horizontal. It is in these rocks that the

auriferous beds of the Witwatcrsrandt occur. The word
"beds" is used here advisedly, for, although the term
" reefs " is the name locally and generally given to these

rocks, they are unmistakably sedimentary beds, and
contcmporaacous portions of the geological formation

in which they are contained. Tlicy are, therefore, of an
altogether different character from the well-known auri-

ferous " reefs " of other gold regions, which are quarts

veins traversing the massive rocks across their pianos of

Seetiuu S. to X. Trum tlii' \'uiil Valk'y iicross tho Witwatcivniudt. Lcugtli of Scclion, lio uiilcs.

WiTWATERSRANDT

TitaLRiver Klip Miver

I itfci N

2 ?, 2 i_

W. Water Parting between tlic Vaal and Limpopo River Basins. 5. Basalt. 4. Hif,'li Veldt Beds, Coal-bearing (Karoo Beds).

3. Ivlip Kiver Series. 2. Qnartzite Shale Scries, with G, "Banket" (Gold-bearing Conglomerates). 1. Granite.

With the exception of the De Kaap Valley, the Transvaal
consists of a portion of the elevated interior land of the

continent of Africa that constitutes what is called the

Central African I'lateau, of which the Witwatersrandt is

therefore a part, and the Vaal Valley and the Limpopo
northern valley are but depressions in the plateau.

The region generally is occupied by rolling grass-covered

uplands, with ridges of bare rocks standing above the
general surface—in some districts at frequent intervals.

This rocky-surface character is given by a large amount
of igneous rock in granitic bosses and dioritic and basaltic

masses and dykes, together with the outcrops of the

older stratified and metamorphic rocks of the country.

Some of the dykes, from their position, have been sub-

jected to less denudation than adjacent masses, and so

form in places narrow ridges called "necks," which have
sometimes a deep ravine on each side. The whole area is

intersected by river valleys formed by the streams (torrents

at times) feeding the two bounding rivers, both of which
rise in the Transvaal, but How, however, in opposite

directions : the Vaal Eiver running westwards to the great
Orange River, which it joins beyond the south-west
extremity of the Republic, and the Limpopo flowing east-

wards towards the Indian Ocean. An important tributary

of the Limpopo, called Olifant's Eiver, traverses the interior

of the area, dividing the eastern half very equally into

northern and southern portions.

The Transvaal as a whole is formed by Plutonic granites

and diorites, volcanic basalts and dolerites, crystalline

metamorphic schists and gneisses, with unconformable
but undoubtedly Pabeozoic stratified rocks ; and these are

succeeded by a later series of rocks, again unconform-
able. Over large areas the outcrops of these rocks are

concealed by superficial deposits of varying thickness,

giving a red soil immediately below the turf. The older

original deposition. The so-called " reefs " of the Rand, on
the contrary, are merely certain beds of a quite conform-

able series of stratified rocks, which consequently have a

common dip and strike, and may, therefore, be considered

to be one geological formation. It is this fact that gives

to the occurrence of gold in the Transvaal an unique
character, and renders it, from a geological as well as from
an economic point of view, especially interesting.

The massive rocks in which the gold-bearing beds

occur—the " country rock "—are for the most part hard
quartzites, sandstones, and bluish shales, and the whole
formation has been called the " qnartzite shale series." It

is altogether of enormous thickness, estimated at three

miles, or sixteen thousand or seventeen thousand feet.

From the absence of fossils—or at least from none having
as yet been found—there is great difEculty in assigning to

this great series of stratified rocks (which have been
correlated with the Table Mountain Sandstone) any other

than an approximate geological age ; but from its general

stratigraphical position with reference to the other South
African rocks, and from its unconformability with over-

lying coal-bearing formations, it is certainly of PaliBozoic

and most probably of Silurian age. The whole of the rocks

of South Africa may be classified as follows in descending
order ;

—

Upper
Karoo.

16. Superficial deposits.

(15. Voleanic rocks,

l-l. Cave sandstone.

I

13. Red beds.

'o U2. Moltcno beds.

o /ll. Karoo beds (Seantort

^ 1 10. Kiniberlev shales.

^ Lower J Unconi'ormability.

9. Ecca beds.

8. Dwyka conglomerate.
Unuouformabilitv.

beds).

Karoo.

\
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jj
/ 7. Qiiartzites.

"3
I 6. MalmaDi limestone.

o I 5. Bokkeveld beds (wanting in the Transvaal).

3 ^4. Table Mountain sandstone.*

(5 I Unconformability.

V 3. Malmesburv schists.

2. Gneiss, and
1. Granites.

The auriferous beds or "reefs" are in a succession of

series, each series having two, three, or more reefs,

separated by the country rock of diflerent thicknesses

ranging up to one hundred and fifty feet, while the reefs

themselves have thicknesses up to six or seven feet. These

reefs consist of conglomerates, in which rounded pebbles

of white and tinted quartz are embedded in a quartzose

matrix, which, although originally sandy and loose, has

been, by the infiltration of silica, rendered a very hard
and compact mass. To the conglomerate the name
" banket " is given. The quartz pebbles range in size from
that of a pea to stones a couple of inches in diameter. It

is not, however, in the pebbles that the gold occurs, but

in the hardened quartzose matrix, and through this it is

disseminated in small particles—so small, indeed, that it

is often invisible to the eye ; but this is abimdantly
compensated for by its generally regularly continuous and
not intermittent dissemination.

Associated with the gold—which is in a metallic or

"native" state, and not as an ore, or chemically combined
with some other element—are the following metallic

minerals : iron pyrites, with its variety, marcasite, hiema-

tite, ilmenite, magnetite, copper pj-rites, blende, galena,

and, more rarely, stibnite or antimonite, cobalt, and
nickel. Of all these, iron pyrites is the most abundant.
EatLle, zircon, corundum, mica, talc, and chlorite are also

met with. Besides " free gold," there are extremely minute
particles of gold contained in microscopical interstices of

the u-on pyrites, and which, accordingly, may escape

amalgamation and chlorination, and even the searching

cyanide of potassium, and so be lost to the miner. With
improved processes and methods the amount of gold thus

lost has been greatly reduced, by which much poorer

material is being rendered payable than was formerly the

case.

to a certain depth from the surface, or without deep

shafthigs, and the earlier mines were along these outcrops.

It is obvious, however, that if the reefs dip from the

surface at an angle of forty-five degrees—the average dip^
shafts at some distance from the outcrop in- the same
direction as the dip, if sufficiently deep, will strike the

reef, and thus there are three kinds of levels : upper, middle,

and lower ; but the lowermost levels as yet are only about

one thousand feet deep, whereas workings at five thousand

feet depth may possibly be attempted in the future.

In the older goldfields of Lydenberg and the De Eaap
Valley the geological conditions are different from those

of the Witwatersrandt, for the gold occurs there in thin
" leaders," as they are termed, ranging from one-eighth of

an inch to eight or nine inches in thickness, which cut

through nearly horizontal more or less soft strata of a

different geological age from that of the quartzites and
conglomerate reefs of the Witwatersrandt. These leaders

chiefly consist of siderite or carbonate of iron, and quartz

with much oxidized iron pyrites. At Spitz Kop as many
as thirty such leaders have been recorded ; and sometimes

these, when in fine dove-coloured argillaceous shale, become
very thin, and then are unusually rich, in some cases being

formed of plates of solid gold from one to ten ounces in

weight. Here, too, u'on pyrites is abundant, sometimes in

large crystals and groups of crystals many pounds in weight.

Again, gold is reported as occurring at King's Claim in

a soft breccia of sandstone, shales, etc., interpenetrated by

decomposed diorite ; and in SwazOand, gold associated with

native bismuth is found in the heart of quartz. In the

Blyde River Valley saccharoidal quartz is in parts richly

auriferous, whOe at Kantoor " flour-gold" is disseminated

not only through quartz veins, but also through their

enclosing decomposed diorites.

With geological conditions such as those that obtain in

the Transvaal it is evident that the total yield of gold wiU
continuously increase with the increase of mining opera-

tions both in area and depth, until they are co-extensive

with the workable auriferous beds or reefs. Thus, with

the establishment of new claims and the working of deeper

levels the annual output of the precious metal may be

expected to show a yearly increase. What will be the

Generalised Section showing details of a Witwatersrandt Keef Series. Length of Section, about 103 feet.

° Ak B A _B AB__A B ^^ ^^_A_Jg-.

A. Banket, beds of Gold-bearing Conglomerate. B. Country Rock. Qiuirtzites and Sandstones.

Ecef Leader. 4. Main Ecef. 5. North Reef.

1. South Reef. Middle Reef. 3. Main

Although the gold is not chemically combined with any

other element, it is always mechanically intimately

associated with other substances, and is therefore never

obtained as absolutely pure gold. The proportion of

"fine gold," as perfectly pure gold is termed, is here

about from eight hundred and twenty to eight hundred

and fifty parts per thousand, with from one hundred

and twenty to one hundred and forty parts of silver, and

from thirty to forty parts of other impurities.

Since the auriferous reefs crop out they can be worked

• The gi)ld-beariug rocks of the Witwatersrandt are assigned to this

formation.

ultimate limit of that increase it is impossible to say ; bat
Mr. Hays Hammond, whose great practical knowledge of

the auriferous deposits of the Rand is so well known, says

he " would regard as well within the bounds of conservatism
the prediction that the annual output before the end of the

present century will exceed twenty millions sterling worth
of gold."

The metallic riches of the Transvaal are not confined to

gold.

Silver in association with copper and lead occurs in

granitic rocks in several parts of the country, as near
Malmani, Pretoria, Rustenberg, and north of Middleberg.
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Copper ore occurs at various places near the upper
waters of the Limpopo as well as in the north-east of the
State, and with f^alcna, sulphide of lead, in veins in granite
at the Albert Miiio.

Lead ores are mined in the western part of the State in

calcareous rocks near the source of the Groot Marico, and
at Ilamerkop, near .lacobsdal, on the Klein Marico.

Tin ore has been found in alluvial deposits on the
Swaziland borders, and there are thin stanniferous veins
in the granitic rocks ; but it has not yet been discovered
in paying quantities.

Zinc blende sometimes occurs associated with galena.
Iron ores, liaMnatite, limonite, magnetite, and iron

pyrites, are abundantly distributed in small quantities.
Mercury ore, cinnabar, occurs east of Barberton : and

cobalt and nickel, as cobalt bloom, smaltine, and nickeline,
to the north of ?.iiddleberg.

Of non-metallic minerals, diamonds have been obtained
just within the Transvaal, near Bloemhof on the Vaal
lliver, and near its confluence with the Makwsi Eiver.
Only small stones, however, have been found, ranging from
one to five carats.

Salt occurs in beds to the north of Pretoria, and also still

further north beyond Olifant's Eiver, in the Zoutpansberg
district.

Although true limestones appear to be wanting in the
Transvaal, there is a calcareous sandstone that on being
burnt or calcined yields lime for economic purposes

;
and

in one locahty there are caves with stalactites, resulting
from the dissolving out of the calcareous matter from the
rocks above.

Coal is a most valuable product of any country, but
especially so when motive power for machinery is largely
wanted, and there is not a continuously abundant water
supply in the rivers available for mills". These are the
conditions that give to the coal-bearing rocks of the
Transvaal great importance.
The coal-bearing rocks here are in the lower division of

the very extensive South African formation called the
Karoo formation. To this division the name " Molteno
Beds " has been given, but its geological age has not yet
been satisfactorily determined, since the formation as a
whole, and the coal-bearing rocks, as well as the coal
itself, differ considerably from the Carboniferous rocks and
the Coal Measures of this and other countries ; and the
fossils, although similar, are so few and of such a general
character that they do not afford a sure ground for corre-
lation. The strata are almost horizontal, and so overlie the
older uptilted rocks uncouformably—indicating, therefore,
a much later age. They form, as a rule, high ground, and
constitute an extensive and continuous area of the High
Veldt, and also occur as patches sometimes overlyin" the
primative granitic rocks.

The beds of coal are not continuous, as in the liritish

coalfields, but in more or less lenticular masses, usually
horizontal, but on slightly difi'erent horizons ; though
there are some seams now known to be continuous for
miles. The thickness of the seams varies much, from a
few inches upwards ; at Belfast there are three beds of a
total thickness of thirteen feet. Though the amount of
coal in the rocks of the Transvaal is very great, the quality
does not appear to be high, some of the samples giving a
large percentage of ash; the Belfast coal gave about
twenty per cent, of ash, but that of the Douglas Mine only
eight per cent. There is also much iron pyrites in the
shaly matter in the coal, rendering it a dangerous coal to
stack in large quantities. It is generally very inferior to
English coal, and unfitted for metallurgical purposes ; but
nevertheless it is suificiently good for ordinary furnace

cial for steam boilers, and this is the principal require-
ment of the Transvaal. Near the Vaal River, and near its

confluence with the Klip Uiver on the southern boundary,
coal is worked, and also at Daggafontein and near the
Witwatersrandc at Boksberg, and the Brakpan Colliery,

whore the output amounts to thirteen thousand tons a
month.
With the addition of good building stone, furnished by

its sandstones, a vast and varied store of valuable economic
minerals available for the use of man is within the bounds
of the South African Republic.

THE
WAVES.-III.

FORCE OF SEA WAVES.
By Vauchan Cornish, M.Sc.

WlIl'jN wind blows over the surface of the sea the

energy of the lower layers of moving air is

employed in raising waves and in giving them
a forward motion. The mechanism by which
energy is thus imparted from wind to water

is not very well understood, for only one aspect of the

phenomenon can be observed, namely, the formation of

the iriiter-vfa.\e3. Of the air-waves which, it is believed,

are generated at the same time we know but little.

In deep-spa waves which have been raised by the wind,

but are no longer subjected to its force, the water particle

moves uniformly, under constant pressure, in a circle

whose horizontal diameter lies in the direction in which
the wave travels. In the upper half of the circle the

motion is forwards, whilst the backward swing is on the

lower level. Thus at each swing one-half of the energy of

motion is transmitted forwards. In virtue of the energy
so transmitted the waves continue to travel as free waves
when no longer propelled by the wind, and thus spread

beyond the tract which has been agitated by the storm.

On the other hand, after each complete swing of the

water one-half of the energy of motion is retnincil, so that

in the original losus of a storm the sea continues to be

agitated long after the wind has lulled ; whence the per-

sistent turbulence of the sea.

If we fix our attention upon a wave-crest of unusual
height (far from the shallows of the shore) and watch the

crest as it advances, we shall find that after a time it loses

its pre-eminence. At first it seems as if the observer had
failed in the attempt to fix his attention upon a particular

crest ; but repetition of the observation gives the same
result. If when the crest has lost its pre-eminence the eye

be turned upon the crest which follows next, it will be seen

that this in its turn towers above its neighbours. This

second large crest will in like manner diminish in size, and
will then be followed by a larger crest. Thus the energy

of the wave-motion is seen to be transmitted more slowly

than the waves themselves advance. As a wave-crest

passes over each point in its course it picks up and carries

oil half the energy of motion at that point, but the other

half lags behind. For this reason it is impossible when
water has the circular swing for a solitary icair to exist

;

there must always be a ijniup of iiarc.s.

This may be illustrated by throwing a stone into a pond,

a simple experiment from which much may be learnt.

The mere displacement of water by a falling stone gives

rise to a numerous group of waves, which continue to travel

over the surface of the pjud long after the water at the

original point of disturbance has become quiescent.

On a freely undulating sea the water in its circular

swing do3S not strike a floating body. The great rounded
crest of an ocean wave, towering above the ship's bow, looks
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as if it were rushing upon the ship and would presently
overwhelm her; but the vessel herself is borne aloft upon
the crest. ( )n the other hand, when ocean waves are forced
by violent wind, so that the tops receive a forward motion
beyond that which is shared by the more protected part of
the billow, the water may strike a blow upon the vessel.

comparison of the waves of the Mediterranean with those
of the ocean. He writes :

" Ce n'etaient pas les lames de
I'oeean qui vont devant elles et qui se deroulent royalement
dans I'immensiti'

; c't-taient des houles courtes, brusques,
furieuses. L'ocean est a son aise, il tourne autour du
monde ; la Mediterranee est dans un vase, et le vent la

Fig. 1.—Diagrams of. A, Forcerl Waves; B, Tvep Wave-.

Such is the wave described by Mr. Ruskin, with " over-

whelming crest—heavy as iron, fitful as flame, lashing

against the sky in long cloven edge— its furrowed flanks, all

ghastly clear, deep in transparent death, but all laced across

with lurid nets of spume, and tearing open into meshed
interstices, their churned veil of silver fury showing still

the calm grey abyss below, that has no fury and no voice,

but is as a grave always open, which the green sighing

mounds do but hide for an instant as they pass." This
passage shows a fine discrimination between the fury

of the wind-forced crest and the calm of the sheltered

trough. Such minute and accurate word-painting, based
upon careful observation, is the literary equivalent of a

mathematical formula. According to mathematicians, the

highest waves driven by the strongest wind lose entirely

the rounded crest ; the flanks being slightly concave and
meeting at a sharply-defined angle of one hundred and
twenty degrees. The height of this highest possible wave
is very nearly one-seventh of its length, it would travel

one-fifth faster than a free wave, and the velocity of a

particle when at the summit is equal to the velocity of the

wave. Its form is shown in the upper curve of Fig. 1, the

lower curve being a free wave, or ground swell, of the same

secoue, c'est ce qui lui donne cette vague haletante, breve
et trapue. Le flot se ramasse et lutte. II a Tautant de
colere que le Act de I'ocean et moins d'espace."

The free wave, as we have said, does not strike upon a
ship, but its heave and swing may become a source of
danger by causing the ship to roll excessively. The an^le
through which a ship will roll, so much greater than the
angle of pitching, is perhaps one cause of the common
over-estimate of the steepness of wave slopes, which in the
Atlantic are seldom more than seven degrees to the horizon.
The momentary effort of a ship is to place her masts at

right angles to the surface of the wave, but owing to inertia
the vessel swings beyond this point. If the period of swing
of the water harmonizes with the ship's natural period of
pendulous oscillation, thou at each roll to starboard the ship
rolls further to the starboard, and at each roll to larboard
she rolls further to the larboard side, the rolling bein"
rapidly and dangerously increased, not by any shock of the
waves, but by gravity, which the heaving sea causes to act
upon the ship in a succession of well-timed pulls. Fortu-
nately it seldom happens at sea that any considerable
number of succeeding waves have the same period, the
variety of independent systems of waves being thus a boon
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FtG. 2.—Seiliou of Portland Breakwater, from tlie •'Hfinutes of Proeeediii^s of the lustitiite of Civil Engiiuvrs," Vol. WII., 1S623.

forced waves that Adamwave-length. It was of the

Lindsay Gordon wrote

—

'
• . . the stoutest sliip were the frailest shallop
In your liolloir backs."

The difference of character between the waves in the
open ocean and in a closed sea is due to the fact that in

the former the transmission of energy from the motion of
other waves has greater opportunity to take full effect,

whilst the movement of storm waves in a closed sea is more
largely dominated by the immediate force of the wind. Tlie
difference has been well expressed by Victor Hugo in a

to the sailor, for the regularly increasing roll of the ship
is generally interrupted before it has grown to a dangerous
extent. The natural period of a ship's pendulous swing
may be reckoned at about two and a quarter seconds for a
vessel of ten-foot beam, and about five and a half seconds
for a ship of sixty foot beam. The time of swing of the
Crieat Ka.'<tirii was six seconds. Remembering that the
water completes one swing in the same interval of time
as that between the passage of successive wave-crests past
a stationary observer, and bearing in mind, also, the

connection between wave-length and velocity (due to the
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pendulous character of the wave), we may calculate

tbe lengths of wave which correspond to the above periods

of oscillation. A wave-length of fifty feet corresponds to

a period of two and a quarter seconds, and of three

hundred and ten feet to five and a half seconds. The
greater the natural time of swing of a ship, the loss

likelihood is there of encountering waves whose period

coincides with that of the ship ; for it often happens that

the longer waves are absent, whereas in a storm the wind
is constantly forming new waves which grow in sine, so

that there are present at the same time waves of all sizes,

and, therefore, of all periods up to the largest. A small

ship is sure to meet with undulations coinciding with its

time of swing, whereas a large ship may often escape.

As tlie billows travel onwards the energy is passed on
from point to point, silently, smoothly, till the leeward

shore is reached. Here all is changed. On the one side is the

swinging water, ever handing on the energy of its motion.

On the other side is the dead resistance of the beach, to

down to the base of the cliff by these agencies is removed
by the sea, so that the cliff is maintained at an angle

steeper than the angle of repose, and is constantly falling.

When the jointing planes of a rocky cliff slope downwards
from the shore line the waves undermine the cliff, and great

masses of superincumbent rock fall by their own weight,

as the lumps of coal fall in a mine through the skilful

undercutting of the collier.

The work of tlie waves is assisted not only by the flux

and reflux of the tides, but also by the " heave of the sea "
;

that is to say, the bodily conveyance of water by wind.

When wind acts upon the surface of the sea it not only

carves the surface into waves, but by the exercise of a power-

ful tangential force, heaps up the water upon the leeward

shore. Something of the kind may be observed in a roadside

puddle on a squally day. When a gust of wind has passed

the water springs back suddenly to windward. In wind-

forced waves the motion is not precisely a completed circle

or ellipse. At each swing the water particle is brought

—
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which each breaker as it falls yields up its store of energy.
There is no finer display of natural forces than the rush of
the waves on a rock-bound coast, when each billow as it

nears the shore raises a steeper crest, and, dashing down
in thunder on the shore, throws upwards and abroad a
cloud of glittering spray which falls in salt showers upon
the tremblii'g rocks.

Everyone is familiar with the work of the breakers in

tearing down cliffs and grinding the fragments into shingle
and sand ; but it may easily escape notice that the forma-
tion of chft's is also the work of the sea. The space through
which the breakers act is chiefly that between high and low
water mark, between which a sloping shore is cut away so as
to form a nearly flat beach terminated by a cliff. In point
of fact the destruction and the formation of cliff's is the
same process. Sometimes the waves pile up a bank of sand
or shingle which protects the chft" from the direct action of
the breakers. The cliff', however, gives way under the
actions of wind, rain, and frost ; and the material carried

slightly further forward than at the end of the previous

swing. The result is that a stone 0)i the bottom tends,

on the whole, to be pushed towards the shore, and this

tendency increases near the line of breakers. On the other

hand, the slope of the shore assists the action of the back-

ward swing of the water, so that at a certain depth the two
motions balance one another. Outside the position corre-

sponding to this depth a sloping sea-bottom tends to move
seawards. Within this line the bottom tends to move
shorewards, and to pile itself up into a beach or bar. If

the entrance of a harbour be on the landward side of this

line the harbour is liable to be silted up, especially in a

tideless sea, where there is no scour to remove the heaped-up
sand and shingle.

In designing structures to resist the force of the waves
the marine engineer has to take account of the length from
crest to crest attained by the waves in the locality, for on
this depends the depth to which the water is agitated.

The time which elapses between the passage of succeeding
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wave-crests, combined with the height of the waves,
enables him to calculate the velocity of the swinging
water particles on which depends the force he has to

deal with. There has been much discussion as to the
proper section which should be given to a breakwater
in order that it may best resist the force of the waves.
In deep water a vertical wall is pi-esumably the most
efficient. A vertical wall changes the running waves
in its vicinity into atatioiinri/ irares, in which the water
simply oscillates up and down without any forward

swhig. This results from the reflection of the wave from
the wall, the coincidence of a wave travelling towards the

wall and a reflected wave travelling seawards giving rise to

a wave which does not travel at all, but which retains the

vertical motion, so that the position which is at one
moment a crest is at the next a trough, and so on.

Something of the same kind may be noticed where the sea

rises and falls aroimd a sunken rock. The stationary water-

waves produced by reflection are very different from the

standing waves in shallow running streams, where each
crest and each trough maintains an independent fixed

position. A vertical breakwater, although it has great

advantages, is difficult and costly to construct ; and where
material is abundant and harbour space not too limited, a

common method is to " dump " down a great quantity of

rock, leaving the waves to lick the material into shape.

This is how the Portland breakwater was made, and Fig. 2

shows the form of section to which it has lieen brought
by the action of the waves. On the seaward side there is

first a long, gently sloping beach where the breakers act, and
below this is a shorter, steeper slope, where the material lies

very nearly at the angle of repose which it would assume
under the action of gravity. The form of the breakwater
is said to be practically permanent, in spite of the fact

that it is constructed of loose materials, It must be borne in

mind that the breakwater is not situated like a sea-wall,

but is supported by the water on the harbour side.

When waves are raised by wind we are not practically

concerned with the expenditure of energy in their forma-
tion : but it is otherwise with the waves raised by ships,

which retard the progress of the vessel by using up a part

of her energj' of motion. The resistance which water
oflFers to the progress of a ship is of two kinds : skm
resistance and wave-making resistance. As the speed of

a ship increases, the wave-making resistance increases

much more rapidly than the skin resistance, so that at

high speeds the wave-making resistance may become equal

to, if it do not exceed, the skin resistance ; in other words,
at high speeds one half of the resistance to a ship's motion
may be due to the work of wave-making. Where, as in

the case of torpedo-boats, high speed has to be attained

by a vessel of small size, it is especially important that

all the circumstances of wave-making should be carefully

considered in settling the lines of the vessel.

In our next article we shall describe in detail the beau-

tiful patteru of waves which is formed in the track of a ship.

OUR FUR PRODUCERS.-II.

SABLE, MINK, ERMINE, AND RACCOONS.

By E. Lydekker, B.A.Cantab., F.R.S.

IN
the preceding article of the present series we dis-

cussed the more aberrant fur-yielding members of

the .^fiixti'liilfr, and there now remain the typical

representatives of that family, or those which may
be included in the genus Muxtela. All these animals,

which are severally known as martens, ermines, polecats,

and weasels, are characterized by their long bodies and short
hmbs ; and nearly all \'ield fur of a certain commercial
value, while that of some species commands a very high
price in the market.
To the larger members of the group, or those charac-

terized by the possession of five pairs of upper and six of
lower cheek-teeth, the general name of martens might be
applied. Foremost among these, on account of the high
value of its fur, stands the sable, or Siberian marten (3/.

^ilielUna), of Eastern Siberia and Kamschatka, which
is a near relative of our own yellow-breasted or pine-
marten (.V. iiiiirtex). Indeed, there is very considerable
doubt whether the sable is entitled to rank as anything
more than a local race of the latter species, distinguished
by its finer and more abundant firr. In the pine-marteii
the general colour of the pellage is rich dark brown, but
the breast has a light patch of variable size, which is

I

generally some shade of yellow, although its tint may be
anything between orange and creamy white ; the under-
fur being reddish grey with yellow tips. The usual length
of the head and body varies from about sixteen to eighteen
inches, while the bushy tail measures from nine inches to
a foot. In the sable there is less variability of colour,
brown and dark brown bting the general hue of the fur ;

but occasionally light brown exam;)les, or specimens with
an admixture of silvery hairs, are met with, and in rare
instances perfectly white sables are found. Light-coloured
varieties appear to be most common in Kamschatka, which
yields the largest quantity of sable that comes to market

;

whereas Siberian skins are generally the darkest, and
consequently the most valuable. The highest priced pelts

come from the province of Yakutsk ; and next to these are
those from Okhotsk, although they are of smaller size and
less deep colour. The length and quality of the fur varies
much with the season, sable killed in summer being of but
slight value, and those killed in winter alone commanding
a high price. Sable are always skinned entire from the
tail forwards, so that the pelt, when removed, forms a bag.

For their size, winter sable-skins command, perhaps, the
highest price of any pelts. In Kamschatka, according
to Dr. Guillemard, the peasants receive, on an average,
about sixteen roubles* per skin ; but in St. Petersburg
the price of the pelts varies from two pounds to upwards
of twenty-five pounds each, and it is stated that as much
as thirty-three pounds has been given for unusually fine

dark-coloured specimens from Yakutsk. Silvery pelts are
those for which there is the greatest demand iu Russia,
while dark specimens meet with the greatest favour in the
markets of London and Paris. From Amurland, where
Mr. Poland states from twelve thousand to twenty
thousand sables are killed yearly, the greater number
of skins are exported to China, where they are used for

the robes of the Mandarins. In these the tails are not
required, so the latter find their way into the London
market, where they sell at from two to six shillings apiece,

and are made into boas and trimmings. In Kamschatka
about two thousand sables are annually caught ; and in

1891 the number of skins sold in London alone exceeded
nine thousand.

In Kamschatka, Dr. Guillemard writes that " there are
various methods employed in catching sables, but a less

number are trapped now than used formerly to be the case.

Dogs are almost invariably employed to run them down
in the deep snow or to tree them ; and they are also smelt
out by these trained animals in their holes at the roots of
trees. The great object is to tree the sable, if possible.

• Tlu' value of t1u> )iinn'r iviilili' (>< alwiit luilf a crown, ami that of
the silver roulilc three shillings ami sixpeiire.
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The hunter then surrounds the base of the tree with nets,

and either shakes down his quarry or knocks it oH' the

bouyhs with sticks. If it does not fall into the not it is

run down by the dogs, or again compelled to take refuge

in a tree. Should the tree be too high for this method to

be successful it is cut down, or the sable is shot ; but the

hunters generally avoid the use of the gun if possible, as it

is apt to spoil the skin."

The pine-marten, which, although now scarce in Britain,

is still abundant in many parts of Europe, is much less

valuable than the last, skins averaging about half a

sovereign apiece. The greater number appear to come
from Lithuania and Courland, on the ISaltic, whence the

annual exportation amounts to about three thousand.

Very closely allied to the two last is the American
marten or sable ( M. anuTicuna ). It is stated to dill'er

from the pine-marten by certain characters of the teeth,

while its fur is generally darker and subject to greater

variation in tint. Kegarding its relationship to the true

sable. Dr. C'oues observes that "the animal is, to all

external appearance, indistinguishable except in some of

those slight points of pellage which, through the whims of

fashion, affect its commercial value ; but there may be a

The European ]\Iink ((liie-third n;ihiral size).

technical zoological character of importance in the teeth."

Probably we shall not be far wrong in regarding the two
forms as local varieties of a single widely-spread species,

although this is not the view of modern American
zoologists. This marten has a wide geographical range in

the northern half of the American continent, where it was
formerly very abundant, upwards of fifteen thousand skins

having been sold by the Hudson Bay Company in the year
174;:!, while about the same time thirty thousand were
imported by the French from Canada. During the present
century over one hundred thousand skins have been
exported in a single year by the former company

; and as

late as 1891 they sold over sixty-four thousand, nearly forty

thousand being accounted for in the same year by other
traders. Great fluctuations occur in the value of these
skins, which of late years has tended to depreciate; and
in 1892 the range in price, according to quality, fluctuated

between half a crown and two guineas each. There

appear to have been good and bad " marten years," as is

attested by Pennant, who wrote that once in two or three

years these animals " come out in great multitudes, as if

their retreats were over-stocked ; this the hunters look on
as a forerunner of great snows and a season favourable to

the chase." A later writer, Mr. Ross, adds that the

marten " occurs in decades or thereabouts with wonderful

regularity, and it is quite unknown what becomes of them.

They are not found dead. The failure extends throughout

the Hudson Bay territory at the same time. And there is no

tract or region to which they can migrate where we have

not posts, or into which our hunters have not penetrated.

When they are at their lowest ebb in point of number.i

they will scarcely bite at all [at the baits of the traps].

Providence appears thus to have implanted some instinct

in them by which the total destruction of their race is

prevented."

In spite of the vast numbers destroyed for the sake of

their pelts, these martens appear to hold their own so long

as the country is left in its original wildness. Directly,

however, civilization makes its presence felt they begin to

diminish rapidly, and soon disappear completely ; their

shy and suspicious nature rendering them incapable of

existing in the neighbour-

hood of human habitations.

Another speciesofthegroup,
of which but comparatively

little is known, is the Japa-

nese marten (.V. melanopus),

its fur being distinguished by
its light yellow. Commer-
cially the pelts, of which
from two to five thousand are

imported annually into Lon-
don, are of but small value,

now averaging only from one

to two shillings each.

The beech-marten or stone-

marten (Jl/. /of'Hrt), sometimes
also known as the white-

breasted marten, is widely

distributed over Europe and
Northern Asia, but is a more
southern form than the pine-

marten, being unknown in

the British Islands and Scan-

dinavia. From the species

last mentioned it may be

readily distinguished by the

dull greyish hue of the fur of

the back and the pure white

of that of the throat. There are likewise still more decisive

differences to be found in the conformation of the skull and
teeth, the former being relatively wider than in the pine-

marten. The great market fur the pelts of this species

is Russia, but it is difficult to form any estimate of the

number which annually change hands or the price they
realize. The finest skins are stated to come from Bosnia.

By far the most striking in appearance of the whole
group is the Indian marten (M. jiavii/iila), which inhabits

the hills of India and some of the Malayan countries, and
is distinguished by the deep blackish brown colour of the

upper-parts and the bright orange or yellow of the chest.

Although pelts of this handsome marten sell for about

seven shillings apiece, they are so seldom brought into

the market that they form no essential element in the fur

trade.

Very diflerent from all the foregoing is Pennant's
marten (.1/. pnimniti), also known as the pekan or tislier-
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roarten, which is a North American species of the size of

a fox. As it is likewise more fox-like than other martens,
it is commonly teimed the "blackfox" by the trappers. In
general colour it is blackish, darker below than above,

and becoming greyish on the fore parts of the body
and head. It apparently derives its name of fisher-

marten from frequenting moister situations than others
of its kind, although there does not seem any evidence
that it catches fish. Indeed, its favourite prey is stated

to be the Canada porcupine, which it kills by biting on
the unprotected lower surface of the body. The finest

skins are obtained from northern Canada, and these may
fetch nearly four pounds each, although inferior specimens
are sold for as little as

three and sixpence. In

1891 between eight and
nine thousand skins of this

species were sold, the great

majority by the Hudson
Bay Company.
The mink (M. vison),

which is typically a North
American form, although
it is represented by a
closely allied species (M.
/wtreo/fljin Eastern Europe,
is the first and largest

member of the second
great group of the genus
Mustela. From the mar-
tens all these animals
differ in having only four

pairs of upper and five of

lower cheek-teeth, as well

as by certain structural

differences in some of

these teeth. On account
of these and other points

of distinction they are

frequently separated as a

genus, under the title of

Futorius. Most of them
are much smaller than
the martens ; but this is

scarcely the case with the

minks, which measure
from fifteen to eighteen

inches to the root of the

tail. The pellage of these

animals is remarkable for

its rich silky gloss, the

usual colour being a full

dark brown, passing into

blackon the tail; thechest,

ike that of the pekan,

being generally of the

same dark tint as the rest of the fur. In habits the minks
differ markedly from their allies, being amphibious animals,

and subsisting partially upon tish, although they also kill

and eat large numbers of the smaller mammals. Like

the polecats, minks arc decidedly ill-smelling creatures.

Although the fur of the mink is short it is extremely

durable, and on this account, as well as from its beautiful

gloss, it was at one time held in considerable estimation,

and skins have been known to fetch as much as thirty

shillings each. Of late years, however, it has declined in

favour, and skins of the American species, according to

Mr. Poland, now sell at from five pence to a guinea, while

those of the Russian kind do not appear to exceed five

shillings. Still, in spite of this depreciation in price,

mink skins form a very important article of trade, upwards

of three hundred and sixty thousand American pelts

having been sold in London in 1890, and over two

hundred thousand in the following year. Mr. Poland

states that mink skins are chiefly used for muffs and
coat-Unings, while the tails are made into capes. The fur

may be used either in its natural condition, or pulled and

dyed to imitate sealskin.

The polecats, of which there are several kinds dis-

tributed over the northern parts of both the Old and New
Worlds, yield a short fur of inferior value, which is known
in the trade by the name of " fitch." The European polecat

The Kaecoon.

(M. inttoriK.s], which is too well known to require anything

in the way of description, h.is the fur of the upper-parts

dark brown, and that of the lower surface of the body and
the tail black. But in the Siberian f^ecies [M. tifrsmaiini)

the back and head are covered with a nearly white fur.

Like many othir kinds of the commoner furs, fitch is of less

value now than formerly ; and whereas in the first quarter

of the century the price was a little over four shillings per

skin, it now varies from three shillings to eightern pence.

Although somewhereabout two hundred thousand European

pelts are sold annually at the Leipsic fair, but few find

their way into the English market ; and these, it appears,

are chiefly employed for tiimming aldermanic robes.
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Of the smaller pppciea of tbe genus by far tbo most

valnalile commfrciallv is 'he ermine, or stoat {M. cnnivea),

which in tbe more iHirtb(rn portion of its habitat turns

v.holly white in winter, with the (xeeption of the black

tip of" the tail. And it is only these white winter skins

that h:ive any commercial value. Like the weasel, which

also turns white in winter in the colder part of its

habitat— even to the tip of its tail—the ermine is an

inhabitant of both the Eastern and Western Hemispheres ;

and in the former the finest skins are the produce of

Siberia. Ermine is chiefly used for the lining of state

robes, the black-tipped tails forming an essential part of

the fur. " It was once regarded," writes Mr. Poland,
" as a princely fur, and only to be devoted to the use of

royalty ; but it has now become very much neglected, and
a few years ago it was practically unsaleable. . . . The
skins are very neatly tied up with bass in bundles of

ten, twenty, or fifty. They are sold by the timber (forty

skins). The present market value is twenty to thirty

shillings per timber, and a few years ago it was even less.

The highest price recorded for good skins is rne hundred
and eighty shillings per timber ; two hundred and
sixty-four thousand, six hundred and six skins were

imported into London in 1836." Miniver is the fur of

the ermine marked with black spots, instead of having the

whole tail afSxed. '' Greybacks " are skins taken from
animals at the time they were commencing to turn white

for the winter.

With regard to the change of colour of the ermine at the

commencement of winter, it was at one time considered

that this was coincident with the autumnal shedding and
renewal of the coat ; that is to say, that the brown summer
dress was shed, and replaced by the white one of winter,

without any actual bleaching of the hairs themselves.

That this is very generally the case has been conclusively

proved by actual experiments. It has, however, also been
shown that if an ermine that has assumed its winter dress

in a temperate climate—when it will be of the dark
summer hue—be subjected to a sudden or gradual lowering
of temperature, its brown coat will soon turn pure white,

thus showing that the individual hairs are capable of

changing their colour.

The ermine closes the list of Miistelida; important as

fur producers, and we accordingly pass on to the much
smaller group of the raccoons, or Procyonida. With the
exception of a single Himalayan species, representing a

genus by itself, the whole of these carnivores are American,
the majority inhabiting Central and South America.
From the weasel tribe they may be distinguished by
possessing two pairs of upper molar teeth ; and very
generally the tail is marked by alternating dark and light

rings, which is never the case in the former group.
The only species of any importance in the fur trade is

the common North American raccoon (Procyon lotor), which
extends over the whole of the United States, ranging
towards the north-west into Alaska, and southwards into

Central America. The southern examples are larger than
the northern race. In size, the raccoon may be compared
to an ordinary badger. It is a somewhat clumsily-built
animal, with a sharp nose, small ears, plantigrade feet,

and a short bushy tail, marked with narrow rings of black
and white and generally having the tip black. The fur
of the body, which is long, thick, and soft, is of a general
greyish brown colour ; but fawn - coloured or white
examples are occasionally met with. Raccoon fur is an
item of considerable importance in the trade ; the best
pelts coming from Wisconsin and Illinois, those from the
southern portions of the animals' range having coarse and
short fur. About half a million skins, ranging in price

from sixpence to ten shillings, are sold yearly in the London
markets; but unusually darkrolruicd specimens may
fetch as much as thirty shillings. Pale-coloured pelts are

generally dyed black or brown, and when "pulled" the

fur is often used to imitate beaver. Raccoon-fur is much
used for coat- linings, but the better descriptions are em-
ployed for trimmings and capos ; and, when clipped, it

ia sometimes manufactured into glove-tops. The prettily

marked heads are not uncommonly seen mounted to

ornament fur foot-warmers, and the tails are employed in

rugs and boas.

Raccoons have less powerful teeth than the majority of

the Carnivora, indicating that they are less addicted to a

flesh diet ; and, as a matter of fact, they are almost
omnivorous creatures, feeding on nearly everything eatable

that they may come across. They are good climbers, and
are most generally found in the neighbourhood of water.

Raccoon-hunting is generally undertaken with the aid of

dogs ; the animal being first treed, and then shot.

Were it not for the scarcity of the animal, the fur of

the panda, or Himalayan raccoon (yKlunis fidyrns), would
form an important item in the trade ; but since very few
pelts come into the market it is necessarily but little used.

The fur of the upper-parts is of a beautiful rich reddish

brown, but is considerably darker on the lower surface of

the body, the long tail being marked with broad reddish

rings separated by narrower ones of black. The few skins

that come into the market sell at from seven shillings to a

guinea each.

PHOTOGRAPH OF THE "CRAB" NEBULA,
MESSIER 1 TAURI.

By Is.\.\c Roberts, D.Sc, F.R.S.

R.A. 5h. 28m., Decl. N. 21° 57'.

THE photograph covers a region of the sky equal to

nineteen minutes of arc in diameter.

Scale, one millimetre to six seconds of arc.

The photograph was taken with the 20-inch

reflector on .January 25th, 1895, between sidereal

time 4h. 30m. and 5h. 80m,, with an exposure of the plate

during sixty minutes.
i\iEFERENCES

The nebula is N. G. C, No. 1952 ; G. C, No. 1157 ; h 357.

Rosse, Observations of Nebula and Clusters of Stars, p. 47.

It is figured in the Phil. Trans, of the Royal Society, 1883,

PI. XVI., Fig. 81, and in 1844, PI. XVIIL, Fig. 81 ; and
also by Lassell, Mem. of the Royal Astronomical Society,

Vol. XXIII., PI. II., Fig. 1.

The drawings and the descriptive matter, referred to

above, do not convey to us the same ideas as we gather

from the photograph.

The photograph shows the nebula to be elongated in

south follou-ing to north preccdiny directions ; irregular in

outline, and somewhat resembling an island with deep
embayments at intervals round its margin.

More clearly than it is practicable to reproduce in a

print, the negative shows mottling and rifts in the nebula.

One rift curves round the north follou-ing margin, another

extends across from the north foUnwimi to the south pre-

ceding side, with a star of about the 14th magnitude at

its centre. There are also some star-like condensations

involved in the nebulosity.

A photograph of this nebula, taken on the 25th January,

1890, is given in the volume of Photoyraphs of Stars, Star-

Chtsters, and Xrhulw, PI. XIV., which shows the nebula

and the surrounding region of the sky on the scale of

one millimetre to twenty-four seconds of arc.
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PHOTOGRAPH OF THE "CRAB" NEBULA, MESSIER i TAURI.

By ISAAC ROBERTS, D.Sc . F.R.S.
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[The "Crab" nebula, discovered in 1731 by Bevis (who,

after the death of Bliss, the fourth Astronomer Royal,

became a competitor for the vacant place), was rediscovered

in 1758 by Messier, the " comet-ferret " of Louis XV., and

was the occasion of Messier's drawing up his catalogue of

nebulfE. This, practically the first catalogue of the kind,

was published in 1771, and contained lorty-five objects, at

the head of which was the nebula with which we are now
concerned. His second catalogue, published ten years

later, included one hundred and three.

The " Crab " owes its name to the filaments springing

from it, as the arms spring from a cuttle-fish, which are

represented in the well-known drawing by the elder Lord

Rosse. Lassell also represents various projecting appen-

dages, but these do not confirm those recorded by Lord
Rosse. There is, however, nothing crab-like in the beau-

tiful photograph of it which Dr. Roberts has produced,

nor do the later observations made with Lord Rosse's

reflector bear out the earlier descriptions of the claws.

The name, therefore, as indicating the shape of the

nebula, appears a misnomer. It might, however, be stiU

applicable in the oarsman's sense, for not a few tyros in

the art of comet-seeking have been deluded by Messier 1,

and have had sorrowfully to confess that they have " caught

a crab." Perhaps no object in the heavens has been so

often mistaken by beginners for a comet.—E. W. Mauncer.]

ANOTHER DARK STAR.

By Miss A. M. Clerke, Authoress of " The System of the

Stars," and " A Popular History of Astronomy during tlie

Nineteenth Century," dc, dc,

ONE hundred and seventeen years ago the star

catalogued by Flamsteed as 70 Ophiuchi was dis-

covered by William Herschel to be an easily-

divided, unequal pair. Their mutual revolution

quickly became apparent, and by 1872 the com-
panion had resumed its original position precisely east of its

primary. A period of ninety-three years was thus, it might
be thought, emphatically asserted

;
yet the assertion has not

been borne out by facts. The star is now certainly known
to have been behind time in returning to the starting point.

Left to itself, it would have accomplished the circuit in

eighty-eight years. But it was not left to itself; and its

unmanageability on the supposition of undisturbed elliptic

motion is forcibly illustrated by the circumstance that

periods ranging from seventy-three to ninety-eight years

have been assigned to it by skilled computers, most of them
with ample materials at command.
Few double stars have received so much attention as 70

Ophiuchi. It is a beautiful object to view, and a tempting
one to measure ; hence, all sorts and conditions of star-

gazers have tried their hand at it. Much " grey matter,"

too, has been wasted in efl'orts to rationalize its move-
ments. Encke exemplified with it, in 1830, his brand-

new method for determining stellar orbits ; Sir John
Herschel followed with a less rigorous, though more satis-

factory wodim oprrandi : and they have had not a few
imitators. The stars, meanwhile, preserved their indepen-

dence, taking slight heed of the various and sundry
orbits assigned to them, from which they diverged un-

accountably and at once. Perturbations were tolerably

evident ; and Captain Jacob, the East India Company's
astronomer at Madras from 1818 to 1859, hazarded the

conjecture that the visible companion, while circuiting its

primary in eighty-seven and a half years, described a

secondary ellipse round an invisible or at least undisccrncd

body once in twenty-six years.* Sir John Herschel held

a similar opinion, and the persuasion of the star's triplicity

was so general that Mr. Burnham thought its r.elescopic

verification worth some pains ; but, neither with the

Dearborn eighteen-iuch, nor with the Lick thu-ty-six inch,

could either of the components be subdivided ; each alike

was pronounced " round, with all powers."

At last, in 1893, Dr. Schur, of Gouingen, collected all

his Teutonic patience for an attack in form upon the star.t

His work was ably done. If the anomalies which had
occasioned so much perplexity could have been got rid of,

his skilful manipulation would have accomplished the feat.

But his ellipse had not been obtained, so to speak, in the

natural course. The observations of distance proving

incompatible with the observations of position-angle, he

had uncompromisingly rejected the former, and relied exclu-

sively upon the latter ; and even these had been subjected

to suspicious corrections, implying a consensus of error

between various excellent observers, now in one direction,

again, after some lapse of time, in the opposite. Moreover,

his elements stood very ill the test of predxtion.
" While engaged recently," Dr. See writes,* " in the

observation of double stars at the Leander McCormick
Observatory of the University of Virginia, I took occasion

to measure 70 Ophiuchi on three good nights. On
comparing the results with Schur's ephemeris, four months

later, I noticed with surprise that the observed angle was

over four degrees in advance of the theoretical place. As
the Virginia measures had been made under favourable

conditions and with extreme care, it became evident that

the orbit to which Professor Schur had devoted so much
attention would need revision."

He accordingly undertook the unruly star, and laid down
for it an ellipse difi'ering little from Mr. Burnham's in

1893, § or from Mr. Gore's in 1888.
|i

But this did not

satisfy him. Comparing one by one the recorded and

theoretical places of the revolvicg object, he detected

systematic discrepancies, acceleration repeatedly alteruaiing

with retardation. Their genuineness was coutirmeJ by an

examination of Dr. Schur's apparent orbit—obtained by

projection from the elemencs of his real one—showing

departures from tbe observed distances corresponding to

the departures from the observed rate of progress by which

Dr. See's own calculations were, to a certain extent,

vitiated. " We were thus," he remarks, " confronted with

a case in which it was apparently impossible to satisfy

both angles and distances."

In the accompanying figure, the dotted line represents

Schur's ellipse; the smooth line, that constructed to accord

with the measures of last year. Both are projections of

the actual orbit upon a plane at right angles to the line of

sight. So that tbey profess to portray just the visible

facts of revolution, the larger star, as usual, being

assumed for convenience to be stationary. The two
curves—Dr. Schur's, it will be remembered, based upon
angles alone, Dr. See's upon angles and distances alike

—

dill'er with curious regularity, one cutting the other at

fixed intervals, as it runs in and out. Both are evidently

drawn with dexterity and judgment; it would be

time thrown away to try and improve npon them
;
yet

neither accommodates itself within plausible limits to the

given conditions. The stars were, iu point of fact, by

turns closer together and farther apart than they ought to

have been according to the Gottingen calculations ; they

• H. Sadler, Enolisk Mechanic, Vol. XLI., p. 410.

+ Aitr. .Vac 4., Xo3. 322J-1.

I Axtronomical Jottrn U, Xo 363.

§ Astrottomii and Astroph'/sict, June, 1S93.
1' Honlhhi yoticrs. W.l. XLVIII., Xo. '>.
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moved alternately quicKer and slower than they were
licenpt'd to do at Chicaijo. And this not fallaoiously,

througli a chance concurrence of deceptive data, but by
" a law of order " in a " settled kingdom."

Dr. See tells us what this law is. The diflicuUies of his

predecessors have proved to be his opportunity. They

arose from the attempts, necessarily futile, to treat a
ternary as a binary star. His discovery—for such it may
be termed—of an obscure disturbing body in the system
of 70 Ophiuchi exemplifies yet once more the value of
" residual phenomena"—of vexatious incongruities under-
mining accepted ai-rangements, and bringing in their

train, for many a long day, nothing but experimental
failure and mental discomfort. Only by the severe treat-

ment prescribed by modern methods can their true meaning
be extracted. They have to pass through an ordeal of

strict measurement, from which they emerge, if real,

definite and unmistakable, while the collapsible sort

vanish and are heard of no more. Instances of each kind
of result might be cited, but we are here concerned with
one that is solid and satisfactory.

There can no longer be any reasonable doubt that
70 Ophiuchi is a triple star, composed of two veritable

suns, linked with a body highly influential upon movement,
though devoid of appreciable luminous power. Coupled
with the shining satellite, it describes round the chief star

an orbit of more than planetary eccentricity in a period of
eighty-eight years, while revolving in thirty-six round its

immediate companion. Now the parallax of this object,

reliably determined by Dr. Kriiger, at Bonn, in 1858-1862,
amounts to about one-sixth of a second of arc, correspond-
ing to a light journey of twenty years.* Hence the mass
and dimensions of the system are at once known. Taken
together, the three bodies of which it consists possess
2-8 times the gravitative force of the sun ; and the mean
radius of the path pursued by the subordinate pair is

twenty-eight times the distance of the earth from the sun,
that of the orbit of Neptune being thirty times the same
unit. The stars are, however, at present, separated by only
one-third the gap of space which will yawn between them

* Tlipre Beem? no good reason for siipersetliug as yet Kriifer's
parjUax of 0'"1'J2. Sfliur's few recent, measures were'made under
such unfavourable conditions as to deeerre, in his own opinion, little

confidence.

—
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in the year IIJIO. Fur they are just now very near—almost
at— periastron, and tliat point of closest approach, trans-

planted to the 3 liar system, would be situated about midway
between the orbits of Saturn and Uranus, while the apas-

tron passage will take place no less than eleven hundred
millions of miles beyond the region of Neptune's tardy
circulation.

Turning to the secondary system of 70 Ophiuchi, we find

the bright component revolving round its centre of gravity

at a distance nearly twice that of the earth from the sun,

its round of travel being thus considcriilily wider than the
orbit of Mars. The apparent radius of its path is about
one-third of a second, and, if the dark body to which it

is attached be of equal mass, the interval dividing them is

twice as great, so that Dr. See does not despair of its

telescopic discovery. For it may not be wholly destitute

of stellar lustre ; and if clothed with even the imperfect
luminosity of the companion of Sirius, it might, although
much smaller, and more than twice as remote, be neverthe-

less detected with the Yerkes refractor. A single measure
of its place would suffice to determine its mass, which must
otherwise remain unknown.
The distribution of matter in stellar systems is a point

of great interest, and of equal difficulty. Relative bright-

ness is no guide to it. Satellite-stars are often attractive

out of all proportion to their magnitude. Sirius emits
ten thousand times more light than its attendant, yet it is

only twice as massive. The stars of a Centauri bear equal

sway in the system formed by them, notwithstanding the

fivefold superiority in brilliancy of one over the other

;

and a corresponding disparity seems to exist in the

beautiful tinted couple t; Cissiopei.e. Here the yellow

primary surpasses its rosy attendant twenty-eight times in

light, though no more than three times in mass, according
to M. Otto Struve's location of their centre of gravity.

Prof. Jacoby, however, proposes to test the accuracy of his

result by measurements from the Rutherfurd photographic
plates ; and intrepid computers will no doubt come forward
to execute his plan, which demands the solution of seven
hundred and two equations involving sixty-six unknown
quantities.

Endless gradations of radiative power seem to be repre-

sented in the stellar world ; but the discovery of " dark
stars," solely through their gravitational effects, must be
regarded as a signal triumph of exact astronomy. They
are found under varied circumstances. Witness the com-
panion of Procyon, unseen, not assuredly through proximity
to that lustrous orb, but through real obscurity; the fourth

component of ? Canori, and the almost incredibly close

satellites of Algol and other eclipse-stars, as well as of

i Cephei, and sundry short-period variables ; besides an
unknown multitude of undiscoverable orbs, which have
ceased or never began to shine, or even of whole systems
wrapt in thick darkness.

Dr. See reminds us that, for the carrying out of the

geometrical plan of movement in 70 Ophiuchi, it is a

matter of indifference whether the obscure component be
attached to the larger or to the smaller star. " While we
have spoken," he remarks, " of the dark body as attending
the companion, it is clear that similar phenomena would
result from the action of a body revolving round the
central star. In this case, however, the considerable

distance which would result from a period of thirty-six

years might render the stability of the system somewhat
precarious."

Perhaps more than precarious. The alternative arrange-

ment could apparently subsist throughout a single revolu-

tion only by a happy chance. For if we ascribe to the

central star and its big planet a combined mass twice
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that of our sun, tbe mean distance corresponding to a

period of thirty-sis years would be roughly one thousand

three hundred million miles. But, since stellar orbits

are mostly very elongated, their separation would, by a

safe presumption, greatly transcend and fall short of

this measure every eighteen years. Now the visible

companion sweeps through periastron at a distance of i

fourteen hundred milhon miles ; an actual coUision, then,
1

with its inconspicuous colleague (usmg the word in its

strict sense) would be no improbable event ; and approaches 1

so close as to involve a complete subversion of the system

could scarcely be averted. The conclusion is thus fully

warranted that in 70 Ophiuchi the companion is the

duplex star.

The combined spectrum of the pair was registered by
|

Vogel as of the solar type, for the Arcturian variety of

which it is claimed in the Draper Catalogue. Their rays

have not yet been separately analyzed ; indeed, so delicate

an operation is scarcely yet feasible.

The colour of the smaller object of 6'o magnitude appears

subject to change. White, with " an inclination to red,"

in the elder Herschel's time, it showed to his son and to

Sir James South as "livid"; Struve found it purplish:

Admiral Smyth, violet ; Flammarion, in 1879, termed it

rose-coloured ; while some intermediate observers recorded

it as yellow; and yellow it now indisputably is. 'There

is, in fact, no perceptible difl'erence between its hue and
that of its 4-5 magnitude primary. It will be curious to

notice whether chromatic divergence sets in as they retire

from periastron.

The mechanism of the system must be exceedingly

intricate, but can scarcely, for many decades to come, be

submitted to detailed investigation. Dr. See barely

indicates the arduous nature of the task ; we trust that

his own powers may one day be employed in grappling

with it. By that time, possibly, mathematical resources

may have developed to meet the urgency of the demands
made upon them by sidereal science. It is certain that

the very highest powers of the human mind will be called

into play for the solution of the multitudinous problems

unfolded by the stars.

I^There is just one addition I should like to make to

Miss Gierke's graphic and striking account of a fact which

must soon bulk largely in astronomical literature. Dr.

See has drawn public attention to an interesting feature

of the system of 70 Ophiuchi, and he has been the first to

actually compute the movements of the companion on the

assumption of an unseen third star. But this work can

hardly be entitled a " discovery." The presence of the

third member has long been postulated amongst those who
have devoted themselves to the close study of double-star

orbits. Nor does 70 Ophiuchi stand alone in this respect,

and herein lies the exceeding importance of the subject.

Fully ten per cent, of the best known binary systems show
irregularities as truly periodic in character ; many of them
are even more pronounced and striking. Amongst others

I might refer to 30 Andromedse, ^ Herculis and a Ophiuchi,

and the beautiful pair referred to above by Miss Gierke,

T) Cassiopeia. The "dark companion" is not a rare

exception ; it has already been recognized in many
instances, and future observations will certainly add to the

number.
I would also emphasize Miss Gierke's objection to Prof.

Schur's method of rejecting the measures of distance in

the computation of an orbit. With modern appliances

these are at least as trustworthy as the observations

of position-angle, and their rejection nowadays can only

be condemned as a discarding of important material.

—

E. Walter Maunder. 1

PHOTOGRAPHY OF INVISIBLE OBJECTS.

By J. J. Stewart, B.A.Cantab., B.Sc.Lond.

IN
his presidential address to the Royal Society in the

year 1893, Lord Kelvin predicted that future dis-

covery with regard to the relations of the luminiferous

ether and ponderable matter would have as its basis

knowledge obtained from experiments on the dis-

charge of electricity through highly rarefied gases. What
has taken place in the two years which have elapsed since

that address was given has abundantly verified the

correctness of Lord Kelvin's view as to the line along which

future advance in physical science would take place.

The latest discovery in this department of knowledge

has been of unusual interest, and has excited wide-

spread attention beyond the limited circle of those more
directly occupied with scientific work. Prof. Eontgen, of

Vienna, has just published an account of some remarkable

experiments he has been carrying out, and the results

already attained are in themselves of great importance,

whilst the possibilities of future insight into the nature of

the ether which they open out cause them to be of intense

interest to physicists.

It may be of interest to the readers of Knowledge to

have put before them a short statement of the facts dis-

covered and the methods of experimenting employed by

Prof. Eontgen. He found that when he caused an

electric discharge from an induction coil to pass through

riiotDgriipli of IV Leather Piii'sc, sliovviu^ mi-tal clasp, coin, iiiul key

iusidc. Bv Ur. Dawson Turiior.

a lliltorf's vacuum tube, or a tube eontuining a high

vacuum like those employed by Crookcs and Lenard, he

got bright lluorcscence produced on a piece of paper

covered with platino-cyanide of barium, and this fluo-

rescence was excited even when the tube itself was
completely covered over with blackened paper so that

nothing within it was visible. Moreover, the tlnorescent
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glitter was visible whichever side of the painted paper

was next the tube —that with the coating of birium
platino-cyauide upon it or the other—and the appearance

was produced when the paper was held several feet from

the tube. In a similar way tluorescence was caused in

many other substances, such as uranium, glass, roci<salt,

etc. On interposing a thick book with a thousand pages

between the discharge tube and the fluorescent screen, the

fluorescence was still generated, the discharge or the

effects it gave rise to being evidently able to pierce not

only the blackened sheet next the glass, but many folds of

paper.

On repeating these and similar experiments, using

instead of a fluorescing screen a sensitive photographic

film or dry plate, Prof. Eimtgen got impressions or shadow
pictures formed on the sensitive surface. Thus photographs,

if we may call them such, could be taken while the

sensitive plate was kept inside a wooden box, and the

operations could be performed in daylight, the plate never

being exposed to light, but preserved throughout in a

wooden or cardboard box. It also became necessary to

guard the plate from the effect of the discharge when it

was not in use, shutting it up in a box being no protection.

Further researches showed that pine wood was easily

penetrable by the rays. They may be called nu/s. for their

effects on sensitive films are similar to those of the ultra-

violet actinic rays, though whether these effects are due to

the direct action of the rays, or to secondary phenomena
resulting from the production of fluorescence and chemical

change at the plates surface, is not yet settled. Not only

are paper, wood, leather, and suchlike materials transparent

to these rays proceeding from a vacuum tube in which a

discharge is going on, but metals and almost all substances

are so to a certain degree. The amount of obstruction

placed in the way of the rays by different sorts of material

varies very much. Amongst metals, aluminium is com-
paratively transparent, while lead is in comparison very

opaque. Ebonite and india-rubber allow easy passage to

the rays, while some varieties of glass obstruct them much

—

lead glass especially ; though from the fact that the tubes

used for the discharge are of glass, it is evident that the

rays are by no means cut off' by that material.

From the relative opaqueness of lead, gold, and other

heavy metals, the investigator was led to compare the

obstructive effects of substances as related to their density

;

and whilst it was found that the density or quantity of

matter contained in unit volume played the principal idle

in causing stoppage of the rays, the amount of this

obstruction or opacity was by no means proportional to

the product of thickness and density.

Eontgen next went on to try if these rays were refracted

or bent out of their course, as ordinary light rays are, on
passing from a rare to a dense medium. The result

obtained was striking ; no appreciable refraction was
obtained when prisms of glass or ebonite were used.

When light was passed through the same prism consider-

able deviation in the beam was obtained, the comparison
showing a remarkable difference in behaviour of light rays

and the new rays. Similarly the rays cannot be concen-

trated by means of a lens. Experiments made to test

reflection gave not quite decided results. Crosses or

stars cut out of metal and placed above a sensitive photo-

graphic plate indicated their position by a dark trace or

shadow. This apparently pointed to reflection at the

surface of the metal, but Prof. Eontgen inclines to the

belief that what takes place when the rays pass through a

soUd or liquid is more like the passage of light through
a cloudy medium consisting of discrete particles.

The rays seem to traverse a medium separate from

matter and contained between the molecules of all varieties

of matter. Substances such as glass when powdered

obstruct the passage of light, as is well known, owing to

reflection at the manifold surfaces of the particles arranged

at all angles. A powdered body placed in the path of

Uontgen's rays does not obstruct tliein more than an

ordinary transparent solid. This last experiment seems

to indicate the absence of reflection.

What, then, can these rays be which thus behave so

differently from light rays ? It has been suggested that

they are waves of

light of very short

wave-length far

beyond the
known ultra-vio-

let rays. If the

wave-length is

very minute and
comparable with
the magnitude of

a material mole-

cule's diameter,

we might expect

quite different

effects from those

of ordinary re-

fraction. Theab-
sence of refrac-

tion in Eontgen 's

new rays—the .c

rays as he calls

them for short-

ness—seems to

show that the

velocity of these

rays is the same
in all kinds of

matter.

Experiment clearly shows that the vibrations in the

ether to which the phenomena of light are due are

transverse to the direction of propagation of the waves. "^^

Now there may also be longitudinal vibrations, and
some physicists consider that there must be such. It

becomes a most interesting question :—Are these new rays

manifestations of the possible longitudinal vibrations in the

ether'' On the answer which may be given to this question

the principal scientific interest in Eontgen's discovery turns.

The discoverer himself is inclined to answer the question

in the affirmative. Sir G. G. Stokes, our greatest

authority on light, considers that it is probable the

jihenomena may be explained without bringing in longi-

tudinal waves in the ether. In the present open state of

the question it is interesting to remember the remarks
made by Lord Kelvin in his course of lectures at Baltimore

in 1884. He said, referring to longitudinal or condensa-

tional waves in the ether :
" We ignore this condensational

wave in the theory of light. We are sure that its energy
is very small in comparison with the energy of the

luminiferous vibrations we are dealing with. But to say

that it is absolutely null would be an assumption that we
have no right to make." Later in the same address he
went on to say :

" But that there are such waves I believe

;

and I believe that the velocity of propagation of electro-

static force is the unknown condensational velocity that

we are speaking of."

The velocity of propagation of such longitudinal waves
is shown by mathematical calculation to be enormously

• See article on ''The Luminiferous Ether" in Knowiedgb, 1894.

Ruutgeu Raj' Sliadow-pioture of a Liviug

Human Foot. Exposure 8 minutes,

tliroufili ordinary cardboard.
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greater than that of the transversal vibrations, and maybe
spoken of as infinitely great. If the existence of such

vibrations can be proved, and experimental evidence ob-

tained as to the behaviour and efl'ect of these longitudinal

vibrations, a great step foiward in our knowledge of the

ether may be about to be taken. When it is remembered
that the explanation of the cause of gravitation must be

in some way bound up with the nature of the ether, it

is easy to understand with what keen interest further

developments of Professor Eontgen's work are looked

forward to by all interested in the progress of science.

Note.—The photogi-aph of a human foot was produced under the

direction of J. A. C. Porter, Esq., and is published as a lantern slide

by Messra. Leo Atkinson, of Greenwich, by whom it was kind)y lent

to us for reproduction.

In eclipses of the moon the brightness of the surface of

the moon within the shadow of the earth depends upon
the refraction and absorption of the sun's rays in passing

through the earth's atmosphere. I. vonllepperger calculates

the refractions and absorptions for various heights above

the earth's surface, and from these are deduced the ratios

between the eclipsed and ordinary luminosities for the

various portions of the shadow. The estimation of the

density of the atmosphere at various heights is based upon
difierent theories and the facts as to the incandeocence of

meteorites. One conclusion reached is that at the

beginning and end of totality the element of the moon's
disc furthest from the centre of shadow is two or three

hundred times as bright as the centre. As to the apparent

excess of the size of the umbra beyond the geometrical

shadow, this seems to be a physiological effect due to the

fact that the eye cannot detect minute differences of

brightness below a certain minimum of intensity.

Hettfrs.
[The Editors do not hold themselves responsible for the opinions or

statements of correspondents.]

COilETS.

To the Editors of Knowledge.

Sirs,—Mr. Plummer's interesting article on short

period comets, and his mention of Mr. J. R. Hind in

connection with them, recalls to my mind an incident in

my early astronomical life which may be of interest,

considering how recently Mr. Hind has been lost to us. On
October 8th, 1858, I had the good fortune to be taken by
a mutual friend to Mr. Bishop's observatory in Regent's

PB,rk, for the purpose of seeing Doneti's celebrated comet,

then just passing its prime. Mr. Hind was of course

there, showing the comet to the visitors. In the interval

between the turns I got into conversation with the father

of Mr. J. R. Hmd, who told me that his son had had a

taste for astronomy from the time when he was quite a small

child, and that he was only twelve when he began regular

work as an astronomer with an instrument which he (the

father) had presented to his boy. I fear I have forgotten

the immediate results of this boyish start, as stated to me,
but the ultimate results are known throughout the world

;

for not only did Mr. Hind possess in a somewhat remark-
able degree the gift of explaining in singularly terse and
clear English any astronomical matter to which he applied

his pen, but his letters to the lunis through a period of

fully forty years on astronomical matters in general and on
comets in particular, furnished the general public with
astronomical news up to date when writers on our science

who appealed to the general press were few in number.
G. F. Chambeks, F.E.A.S.

MIEA CETI.

To the Editors of Knowi.edge.

Sirs,—After reading the discussion on Mira Ceti in your

columns, I resolved to watch this star closely during the

winter and spring months. Up to the end of 1895 it was
invisible to the naked eye, and during the first two weeks
of January cloudy weather prevented all observation.

Judge, then, of my astonishment when on the 15th inst.

I perceived Mira to be of the 3i magnitude, quite con-

spicuous to the naked eye

!

On the 19th it had increased to 3rd magnitude, and on

the 23rd, with the moon nearly nine days old just above

it, was easily ^asible as 3rd magnitude. On all these

occasions Mira appeared, as seen either with glasses or

through a telescope, of an orange colour. I should think

that this sudden rise of this truly wonderful star is

altogether unprecedented.

I ought to add that the only observation I know of pre-

vious to mine in January was made by Miss E. Brown (see

Emjlish Mechanic, January 10th), who on January 2nd saw
Mira as a 6th magnitude star or brighter, and previous to

that, on December 15th, as 7th or 7i magnitude, while Mr.

David Flanery (see Emilish Mechatiic, January 10th) saw

it as 7^ magnitude on December 17th. It would be very

interesting to hear of any observations between January

2nd and -Januaiy 15th. Ivo. F. H. C.vrr-Gregg.

PENTACLE PUZZLE.

To the Editors of Knowledge.

Sirs,—A short time ago I sent a problem to your

readers for solution, and now another equally interesting

one has for some time occu-

pied my attention. Perhaps
some of your readers
would demonstrate how
many solutions can be given

of it. There seems but one

to me, but I cannot help

thinking there must be five

or more. The problem is to

place the numbers 1 to 10 in

the angles of a peutacle, as

marked in the accompanying
figure, so that each of the

five sides shall count one and
same number, and the five internal angles the same number,
and the five external angles double the same number.

I. G. OUSELET.

GEOGRAPHY AS A SCIENCE.

To tlie Editors of Knowledge.

Sirs,—The views which Dr. Mill has expressed on the

nature of geography, in his paper on " Geography as a

Science in England," in the January number of Knowledge,
are similar to those which I have long held and which I

have long known him to hold. But I an: much struck by

the freshness and vigour with which he has stated them.

His practical suggestion of a geographical description to

accompany the Ordnance Survey is also well worthy of

consideration. The general ide;i of a careful geographical

description of Britain is not new to me, but I frankly

confess that I feel much nearer to it now that, in

connection with the Ordnance map, it has taken such

precise form in Dr. Mill's mind. One point only strikes

me as requiring great caution. There is danger lest the

band of workers contemplated should approach this task

from various standpoints, many of them not geographical.

Both English and German experience shows the likelihood
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that specialists not trained in geography will miss wliat

is geographically important, and will confuse the problems

with details of value to geologists, botanists, and historians,

rather than to geographers. The results of such a de-

scription could not fail to be important, but would be

most strilcing if undertaken by a group of professed geo-

graphers whose views were in general accord. A national

monument might be raised—a work of art as well as

science—in the place of a miscellaneous heap of scientific

bricks. Nothing would give me greater satisfaction than
to see Dr. Mill carrying out his idea in connection with

such a group of helpers. H. T. Mackinder.

To the Editors of Knowledge.

Sirs,—I cannot, I regret to say, give " Geographer " the

name of any work based exactly on the plan proposed in

my article in your January number. The idea suggested

is, I believe, a novel one, and an opportunity will be

afforded at an afternoon meeting of the Royal Geographical
Society, on March Gth, to discuss the possibility of carrying

it into effect. The suggestion is simply that each
sheet of the one-inch Ordnance Survey map should be
provided with a concise memoir or handbook giving a

complete index of place-names, the calculation of various

physical constants, and a discussion of the geography of

the district in the light not of the topographical map alone,

but of all such supplementary data as are available in the

Geological Survey, and the publications of the learned
societies which deal in distributions.

There is one work recently published which, on a small
scale and in a somewhat different manner, does carry out
the geographical description of a part of the United
Kingdom in a more complete way than has ever previously

been attempted. It is the Royal Scottish Geographical
Society's recently published Atlas of Scotland, by Mr. J. G.
Bartholomew. This epoch-marking work contains a great

map of Scotland in forty-five sheets, on the scale of two
miles to one inch, showing contour lines of elevation and
sea-depth, appropriately coloured so as to give a vivid idea

of the vertical relief of thc^ country. But there is in

addition a series of small-scale maps showing the general
configuration, the river basins, the distribution of vegeta-

tion or agriculture, the distribution of population as to

density and as to language, the rainfall for each month
and the temperature for each month of the year, the

geological structure (on a large scale), the distribution of

indigenous animals, the limits of deer-forests and fishery

districts, and finally the counties. Thid is a scientific work
the value of which to the student of geography it would
be diflicult to over-estimate. Were it accompanied by
descriptive letterpress instead of mere statistics (the

introduction, dealing with the physical features of Scot-
land, by Prof. .James Geikie, is an exception), it would be
quite such a work as " Geographer " asks for—a unification

through geography of all the sciences involving distribu-

tions. Hugh Robert Mill.

1. Savile Row, W.
February, 1890.

Notices of Boofts,

Jiixtits ion Lit'bif/ : /lis Life and H'or/r (1803-1873). By
W. A. Shenstone, F.I.C. (The Century Science Scries,

Cassell & Co.) 3s. Gd. Within a compass of about 200
pages Mr. Shenstone has succeeded in drawing such a
vivid picture of Liebig as to enable us to form a clear

conception both of the man himself in all his many-

sidedness, and of the work in the various fields of pure and
applied chemistry to which he devoted himself. Although
but twenty-two years have passed since Liebig died, it is

to be feared that to the majority of people— at least of the
younger generation—he is now little more than a name.
And yet he was not merely one of the very greatest

chemists that ever lived (and will rank as such for all

time), but no other man has ever equalled him either as a
teacher of chemistry or in the application of that science

to the arts and the various purposes of daily life. After

a brief but interesting account of Liebig as a boy and youth,
the friendship with his famous collaborator, Wohler, is well

described. This brings us to what we think is the weak
point of the memoir, viz., the small space which is allotted

to Liebig's discoveries in pure chemistry. The author
himself alludes to this in his preface, but at the same
time justifies the scale of treatment adopted by saying that
" it is right that it should be so, for, vast as were Liebig's

services to pure chemistry, they lack in some degree the

splendour of his contributions to some other departments
of equal intrinsic importance and of far wider general

interest." But here we would join issue with him, because
not only is much of Ijebig's purely chemical work classical,

but—what is more—it formed the groundwork to his own
investigations in physiological and agricultural chemistry,

and also served as a pattern and example to numberless
other workers in the science. We trust, therefore, that in

the next edition, which will doubtless be called for soon,

Mr. Shenstone may see his way to modify his opinion upon
this point in some degree, and treat the section in rather

more detail. The chapter dealing with Liebig's work in

agricultural chemistry is excellent. As a teacher Liebig

was unique. Throughout the book, and in the last

chapter more especially, justice is done to Liebig's high
character and to the great personal influence which he
exercised, while we are shown at the same time how
intensely human the man was. Space will not admit of

our adding anything about the marvellous amount of

literary chemical work—scientific and popular—which
he also accomplished, or, indeed, of saying more than
to advise evei-y student of chemistry, and everyone who is

at all interested in the application of chemistry to common
life, to read the book.

A Handbook of British Lepidoptera. By Edward Meyrick,

B.A., F.Z.S., F.G.S. (Macmillan.) Illustrated. lOs. Gd.

Tliis book fills an undoubted want in entomological litera-

ture. Several popular books on butterflies and moths have
lately been issued, but until now no complete work on
British lepidoptera has appeared since Stainton's manual,
published thirty-six years ago. In an able introduction,

Mr. Meyrick explains structural formations, classification,

and nomenclature, and thus makes intelligible the

descriptions of the insects which follow. From these

the collector should be enabled to identify his specimens
with accuracy, and also to learn a great deal of their

structure, the description of which the author has in

every instance drawn up from his own observations.

Some entomologists will, no doubt, find fault with Mr.
Meyrick's system of classification, but his book will prove

invaluable as the outcome of original research.

British and European Butterflies and Moths. By A. W.
Kappel, F.L.S., F.E.S., and'W. Egmont Kirby, L.S.A.

(Nister.) Coloured plates. 25s. This is an excellent

popular guide to the macrolepidoptrra of Europe. Most of

the species are included in the volume, and all the British

species hare English names assigned to them—a feature

which has been neglected m many books of recent date.

The larva, perfect insect, food plant, time of appearance,

and locality of each species is carefully described, while
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coloured figures are given of a very large number of insects,

larvae and pupre. These figures are beautifully executed,

and with very few exceptions are wonderfully true to

nature. With their help a novice could not fail to identify

any species which is figured. We would heartily recom-

mend the book to collectors as the most accurately illus-

trated oue on the subject which we have seen.

Elnneiits of Modi-rn Chemistri/. By C. Adolphe Wurtz.
Translated by Drs. Greene and Keller. Fifth Edition.

(Lippincott Co., Philadelphia.) Medium-sized hand-
books on general chemistry are multiplying. JIany of

these new text-books are simply old ones in a new
guise. In the majority of these books the theoretical

portion of the science is much neglected, so that they

become mere summaries of facts and reactions, without

making any real progress in their educational value. We
are, therefore, better pleased when we find authors con-

tent to bring out a new edition of such a standard work as

Wurtz's " Elements of ]\Iodern Chemistry," which has
already done such good service in the past. Its chief aim
is to make clear the inner meaning of chemical laws and
phenomena, so that one may confidently assert that theory

is the strong point in this text-book. Wurtz is by no means
an innovator in theoretical chemistry, but he has the very

rare gift of expounding his subject in so easy and brilliant

a way as to render chemical theories attractive even for

those to whom they are still a terror. The present edition

has been considerably enlarged by the translators, and we
note that argon and helium are already included among
the list of known terrestrial elements. The book is espe-

cially adapted for the use of medical students, to whom
it will give a sound general knowledge of the elements of

chemistry, without wearying them with details of secondary
importance.

Till' ]]'ild Fiiivl and Sea Foul of (ireat Britain. By
A Son of the Marshes. Edited by J. A. Owen. (Chapman
and Hall.) Illustrated. 14s. In this book the author
fully bears out his well-known character as a true and
observant field naturalist, but, like the decoy man he
describes, he is none too free with his information. The
book is full of en'iertaining anecdotes, but we feel sure

that it would have been more widely read had the author
omitted the minute descriptions (which may be found in

any handbook of British birds), and inserted in their stead
more of his delightful local touches of man, bird, and beast.

As a guide to the wild fowl and sea fowl of Great Britain
the book has no particular interest, but as a fasciiiatins

book to read it must appeal to everyone, and, above all,

to the field naturalist.

Rt'adii's Shakespeair. Vol. I., Historical Plays. David
Charles Bell. (Hodder & Stoughton, 1895.) There
are, perhaps, few things so neglected by the average
Englishman as the art of elocution. This is partly due
to the lack of literature on the subject, and Mr. liell's

volume is not altogether an unsuccessful item towards
filling up the gap. For although the author scarcely

attempts to deal with the " power of speech " in general,

the volume before us—the first of a series—may no doubt
tend towards the elocutionary study of Shakespeare. And
therefore we would recommend its condensed plays and
its accentuated lines to the embryo student, or to the
man too busy to make his own selections from the great
dramatist.

IliuliHiical Lectures. (Ginn & Co.) The thirteen lectures

contained in this volume were delivered at the ^Marine
Biological Laboratory of Wood's IIoU in the summer
session of 1894. Nearly every lecture deals with oue
or other sides of the problem of organic development, and
of the value of the whole to all who are concerued with

the question of the nature of life there can be but one
opinion. A special feature of the meetings at Wood's HoU
is that an endeavour is made to bring the thoughts of

workers in physical science to bear upon biological

matters. Accordingly, we find that the first lecture in the
volume deals with life from a physical standpoint, the
expositor being Prof. A. E. Dolbear. This lecture alone is

sufficient to form the basis of a review ; it aims at showing that

phenomena which are held to demonstrate the existence of

a vital force may also be exhibited by inorganic matter

—

that, in fact, a definition of life which cannot be applied to

the phenomena of non-living things has not yet been
obtained. We look at the beautifully symmetrical arrange-

ment of crystals in a snowflake, and ascribe the structure

to physical agencies, denying to it the vital force which
is assumed to control the movements of an amceba.
Even spontaneous movement is not peculiar toliving matter,

for Quincke and Biitschli have made artificial protoplasm
possessing all the characteristics of am*bii-, by means of

a mixture of potassium carbonate and olein oU ; which
facts result in a feeling among biologists that " the
phenomena exhibited by a living thing are finally resolv-

able into physical and chemical processes." We have only
referred to one of the many lectures in the volume,
but the others are no less interesting. The volume is not
written so that he who runs may read its pages : it is for

those who are in the current of modern scientific thought,
or who wish to know what are the burning questions with
biologists of to-day, and to such we heartily commend it.

Molecules and the Malecular Theori/ of Matter. By A. D.
Risteen, S.B. (Ginuct Co.) Illustrated. 8s. Od. In this

volume the elements of the molecular theor}' of matter as

it is held to-day are elucidated. For many years it has
been maintained that every substance, however imiform
and homogeneous and quiescent it may appear, is composed
of separate particles, each of which is in rapid motion.
The author brings together the observations of physicists

which go to establish this proposition. Beginning with
an examination of the kinetic theory of gases, he shows
that a large range of phenomena can be referred to it,

and then passes to apply the molecular theory to liquids

and gases. The methods by which the general order of

magnitude of molecules have been determined are after-

wards described. In the last section of the book the field

of observation is left, and speculations as to the constitution

of molecules and the nature of intermolecular forces are

dealt with. This brief statement will show the scope of

the work, and it only remains for us to say that the treat-

ment is excellent. A knowledge of mathematics is required

before a few of the points discussed can be understood

;

but a large portion of the book can be readily followed and
enjoyed by most readers of scientific literattu-e. Every
student of physics should add the volume to his library.

(irent Astronomer.-:. By Sir Robert S. Ball, D.Sc. F.R.S.
(Isbister & Co.) Illustrated. 7s. (id. No writer or lecturer

on astronomy is better able to entertain the public than
Sir Robert Ball. His style is attractive, and often ornate,

and he does not over-burden his listener or reader with
facts. This book is representative of his manner of

exegesis ; nothing in it is beyond the comprehension of

the general reader, but, at the same time, the treatment is

too redundant to be admirable. Too many anecdotes are

introduced, on account more of their entertaining character

than of their suitability ; and the only reason one can
imagine for the insertion of some of the information in a

volume on " Great Astronomers " is that Sir Robert found
the material available, and thereupon determined that its

goodness should not be wasted. Having said so much

—

more in sorrow for the author's irrepressible humour and
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flifl'nsibility than in angor at tho inadequate accounts he
gives of tho work of some of the old aatroiiomera—our

depreciation ceases. Tlio book is not for tho serious student

of astronomical history, but for those who rea<l astronomy
/loiir jKissi'i- Ic tfiitiix. It contains an abundance of chatty

information concerning the characters and surroundings

of many famous astronomers, those wlioae lives are

sketched being Ptolemy, Copernicus, Tycho P.rahe,

(iaiileo, Kepler, Newton, Flamsteed, llalley, llradiey, the

two llerscbels, Laiilate, Jh-inkley, the Marl of llosse, Airy,

Hamilton, Le \'crrier, and A<lams. Numerous illustrations

of these astronomers and their observatories adorn the

pages of the book and add to its interest.

Iii/mimlri'. I'-y Prof. P. G. Tait, Sec. R.B.E. (A. & C.

Black.) 7s. Od. It is generally ea.sy to recogniiie the

products of a master-mind, and even if this work had been
published without the author's name upon the title-page

the originality and force of the contents would at once
command attention. Only a worker in the foremost ranks

of physicists could expound the science of matter and
motion in the manner of this volume. In the main the

volume is a reprint of the article, " Mechanics," contributed

by Prof. Tait to the " l\ncyclop;edia Britaunica ;

" but parts

dealing with attraction, liydrostaties, hydrokinetics, etc.,

have been added to the original to complete the structure

of the work. Those who know Thomson (now Lord
Kelvin) andTait's " Treatise on Natural Philosophy " will

have an idea of the character of the present volume. Only
students of mathematical mind can fully appreciate the

force of the reasoning and the fundamental nature of the

problems and theorems considered herein ; but they
will admire the development of the arguments as much as

a poetic naturalist does the opening of a flower. A work
by Prof. Tait needs no commendation to such students

;

all we need say to them is that the author's well-known
views concerning the misuse of the word "force" find

expression in a few sections.

The Natural Ilinturi/ of " EristdlisTenn.v," or the JJroiii-ily,

ByG.B.Buckton,F.R.S. (Macmillan .t Co.) Illustrated.

5s. The author gives a description of the habits and
anatomy of the drone-fly which,will be serviceable to young
entomologists, and may result in increased attention being

given to the genus to which it belongs. The essay is

almost entirely confined to the natural history of Kristnlix

tvnax and K. a fhustnnun—hoth common in many parts of

England. The classification, life-history, morphology,
physiology, histology, and development, distribution, and
myths connected with l\iistalis are described in separate

sections, and the whole is elucidated by nine plates.

Entomologists will be glad to have this handy account of

an interesting insect.

Pcin-(r7H>sti(is)ii. By Noel Winter. (The Transatlantic

Publishing Co.) Upon a train of reasoning which we
cannot attempt to analyse, the author establishes the

theory that completeness of knowledge is attainable, and be
names his doctrine " Pan-Gnosticism." The aims of the

book are thus very high, and though to us many portions

read like tiresome platitudes, probably there are abstract

philosophers who will derive satisfaction from an examma-
tion of the propositions advanced.

An Andlijsix of Astronomical Motion. By H. Pratt, M.D.
(G. Norman & Son.) Illustrated. Dr. Pratt's theory, so

far as we can understand it, is that the sun we see is in

revolution around another sun, which in turn revolves

around a third sun, and this travels around a fourth body,

designated the central sun. Probably no one but ttie

author believes in this quaternary solar system, and we
have no desire to deny him the recreation he finds in

exercising his ingenuity upon it. The book may be safely

left to run its course. Astronomers have only to glance at
a few pages to discover the fallacy of the conclusions
drawn, and the unnecessary assumptions made to explain
simple celestial motions ; while readers who are not familiar

with the mechanism of the heavens will find the bonk quite

beyond their comprehension.

BOOKS RECEIVED.
A y„fiirnli.'<f in Mi,l-Afrlrn. By G. F. Scott. Elliot, M.A.,

F.L.S., K.R.G.S. (Imics&Co.) Illustrated. lOs.

Annual Report of the Jioard of Jlei/entx of the Smitlisonian

Inxtiliilion. ( VViishiiigton : (iovenimeiit Priiitin^; Otiicp.)

JCroliitCon and Man'.i }*faee in Nature, By II. Caldorwood, IjL.D.,
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Healin/] and I'eniilatinij Iiuildi.n,r/.i. By R. C. Carpenter, M.S
,
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(rated, s's. Gd.
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Insed Life. V.\ F. V. Theobald, M.A., F.E.S. (Metliuen.)

Illustnited. "
28. Gd.

lioads and Pavement.i in France. By A. P. Rockwell. (New
York : Wiley k Sons.) Illustrated.

The Journal of Malacoloni/. Vol. IV. (DuhiT.) Illustrated.

Cloth, .')s. Gd.

nemarkahle Cometx. By W. T. Lynn, B.A., F.E.A.S. Fourtli

Edition. (Stanford.) Gd.

Matricvtalion Directory. (University Correspondence College

Press.) l.s.

Annnaire pour VAn 1896, (Brussels: Institut Nationale de
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By .1. H. Norman. (EiRnghara Wilson.)

Submarine Teh-qraphi/. Bv J. Bell and S. Wilson. (Electriciti/.)

Is. 6d.

2'Ae Influence of Literature on Architecture. By A. T. Bolton,

Royal Institute of British Architects.

PROTECTIVE RESEMBLANCE IN BIRDS.

By Harry F. Witherby.

PROTECTIVE resemblance, by whatever form of

life it is exemplified, is a well-worn subject ; but
it is a subject of continual and lasting interest to

those who love the beautiful in nature, and it is

one of which, if our eyes are opened, we are every

day seeing examples.

In the present article it is proposed merely to deal with

a few instances of protective resemblance in birds, their

nests and eggs, and not to touch on the theories which
surround the subject, and which have been so often ably

expounded. It is hardly necessary to explain the term
" protective resemblance," but to the uninitiated we may
say that it is the more or less complete likeness, in

colouring or form or both, which a creature or object bears

to its surroundings, thus often escaping detection.

In the accompanying full-page plate, which is an en-

larged reproduction of a photograph taken by Mr. Geo.
Burn Murdoch, of Doune, Perthshire, we have a beautiful

example of a living creature so nearly in nature resembling

its surroundings that it is difficult even for the practised

eye to detect it. In the photograph the outline of the

woodcock is, of course, more clearly defined than in nature
;

but even in the plate it is difficult to distinguish the bird

if one stands some distance away. Now this protective

colouring is admirably fitted to the needs of the woodcock,

both in winter and summer. It is nocturnal in habit, and
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spends the day concealed in woods and copses, often under
some thick shrub and always on the ground ; and the
mottled browns and reds of its plumage so nearly resemble
the leaves with which the ground in a wood is always covered,

Xest of Little Grebe as left bv bird

that it is almost impossible to discover the bird even when
one is searching for it. Indeed, were it not for its round
and lustrous black eye the " cock " would seldom be seen

on the ground. In the nesting season its protective colour-

ing is again of the greatest service. The nest is a slight

hollow amongst the fallen leaves, often in a sheltered

position, as in oiu- illustration, where the bird has ensconsed

itself beneath a fallen bough ; and here it sits on eggs or

young in conscious security, allowing itself to be almost

trodden upon before it moves. Few birds are so well

protected by their colour as the woodcock, and it is difficult

to say why this bird should be so sin-

gularly well provided for in this respect

;

but it may be taken as a general rule

that birds (especially the females) which
rest or make their nests on the ground
are more or less protectively coloured. A
striking case of protective resemblance is

afforded by the males of many sorts of

ducks and geese at certain periods of the

year. These birds, as everyone knows,
are very gaily attired in comparison to the

females, but, strange to say, for several

weeks in the summer they lose their

brilliantly-coloured plumage and assume
the duller garb of the female. On en-

quiring into the cause of this curious

change we find that, contrary to the usual

rule, ducks and geese moult all their

flight feathers at the same time, and are

therefore incapable of flight for a con-

siderable time. When in this helpless

state they generally resort to reed beds and
such places, and it will be easily seen what
an immense advantage the dull and pro-

tective plumage is to them at this period.

There are not so many examples of protective resem-

blance which are easily recognized in birds as in other

classes of animal life. The habits of the bird must gene-

rally be closely studied in connection with its colouring

before it can be ascertained if this colouring is a special

protection, and these cases are always of greater interest

than those which are more apparent.

Turning from the bird to its nest or eggs, we have
abundant examples—especially in those species which

build their nests or lay their eggs in

\ positions exposed and easy of access.

^J\^-M What ornithologist has not hunted for

y y T hours, and often in vain, for the eggs of

n ji J some bird such as the ringed plover or

tern, which lays its eggs without a nest

of any sort amongst the shingle ? In fact,

the only satisfactory way of finding these

eggs is to watch the bird from a distance

until it settles on them, and then to walk
straight up to the spot. Even then, if

r "./
' '^^ ^y^ ^^ ^o' ^^P* steadily on the mark,

*
if.. one may often walk past or even over

j-jt the eggs without seeing them, so closely do
'^^ they resemble the stones amongst which

they are laid.

Again, take the familiar examples of

the peewit, the goatsucker, and skylark

—

every countryman must have experienced

the diiBculty of finding the eggs of these

birds. Many birds, too, such as the

chaffinch, the long-tailed tit, the wren,
and a host of others, make their nests of

materials so much akin to those with
which they are surrounded that a passing glance would
not detect the nest. One is often only conscious of a slight

thickening in a bough or of some irregularity of form, until

a more careful scrutiny reveals a nest.

Turning now to the two illustrations of the nest of a

little grebe or dabchick (also from photographs by Mr. G.
Burn JEurdoch), we have a curious instance of protective

resemblance coupled with a mild deception practised by
the owner of the nest. The dabchick lays its eggs on
some mass of green floating weed which is so common on
streams and ponds. This nest, if we may so call it, is

Same nest as above, with covering over eggs reniovcd.

like any other mass of weeds, except, perhaps, that it is a
little higher and more compact, but not sufficiently so to

enable one to distinguish it. So fur, then, the nest is

perfectly safe ; but when the bird has laid its chalky white
eggs it would be instantly detected had not its owner the
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means of concealing them. This it effects by covering up
the eggs with weed as it leaves them ; thus once more
transforming the nest into apparently nothing more tlian

a floating mass of weed. In the one photograph wo have

the nest as it was left by the bird, while in the other the

weed covering the eggs has been removed. This covering

of wet, dirty weed answers other purposes, for, in a few

days' time, the eggs become so covered with dirt that thoy

are exactly the colour of the nest, and thus stand a chance

of escaping detection should the bird be forced to leave

the nest before it has time to hide its eggs, as sometimes
happens. Moreover, the wet weed, by " heating," serves

to keep tlie eggs warm, thus allowing the bird to leave

tliem for a considerable time if necessary.

We have dealt with but a few examples of protective

resemblance, but we venture to think that enough has been

said to show what variety and interest is attached to the

subject.

THE LIMBS OF TRILOBITES.

By Philip Lake, M.A., F.G.S.

OF
all the fossils which are found among the older

rocks of the earth's crust, there are none which
have attracted more attention than trilobites.

Even so long ago as the seventeenth century Lhwyd
drew and described certain "figured stones,"

among which several of these forms may be recognized.

The name itself dates from the year 1771, and is derived

from the trilobed character of the body.

In spite, however, of the labours of generations of skilled

palffiontologists, little was known of these animals except

the shell or "test" of the back. For it is a remarkable

fact that, although trilobites are very common in many
localities, yet it is only the back that is seen, and in very

few cases indeed has the under-surface of the body been

observed, or any trace of limbs. There are several ways
of accounting for this. In the first place, the limbs may
have been soft and dehcate, unfitted for preservation in a

fossil condition ; and, in the next place, it is pretty certain

that trilobites, like most crustaceans, used to cast their

shells periodically, and it is probable that many of the

specimens we find are simply these discarded coverings.

Within the last few years, however, a great deal of light

has been thrown upon the structure of trilobites by the

discovery of extraordinarily well preserved specimens near

Kome, in the State of New York ; and this discovery is so

remarkable that it deserves more than a passing notice.

An ordinary trilobite, such as the " Dudley locust

"

(Fig. 1), so abundant in the hmestones near Dudley, is

made up of three distinct parts. In front is a semicircular

shield-like head, usually bearing a pair of eyes ; behind

this there are a number of narrow segments articulating

with one another, and forming what is called the thorax
;

and behind the thorax is another broad shield generally

spoken of as the tail. We do not know how far the head,

thorax, and tail correspond with the similarly named parts

of other animals ; but the terms will serve if we remember,
for example, that the thorax does not exactly represent the

thorax of an insect.

Many other crustaceans also possess parts which may be

called head, thorax, and tail ; but trilobites exhibit several

peculiarities which are not met with in other forms. In

every trilobite the body is more or less clearly marked out

into three divisions by two longitudinal furrows, which run
fi-om the head through the thorax into the tail. Detween
the furrows lies the " axis," which generally forms a pro-

minent ridge extending nearly the whole length of the

body ; and on each side of the axis are the more flattened

" lateral lobes."

The head usually presents another peculiarity which is not

found in the adult of any living crustacean. In a form such

as Vali/iiiiiir it will often happen that even a good specimen

does not show the whole of the head, but only the central

part. At the same time it will be clear that this is not

^%m..:.>^-f#

KiG. 1.— Call/ III rue Bliimenhachi (tlie " Uiullev lofust").

due to an accidental fracture, for the separation has taken

place along a regular symmetrical line ; and if we examine
a complete specimen we shall find this line distinctly

marked. The head, in fact, is jointed, and the line of the

joint separates the lateral parts of the head from the

central portion. This line is called the "facial suture,"

and in Cdlymene it runs from the front margin to the

hinder corners of the head.

The trilobation of the body and the presence of the

facial suture are the two most striking peculiarities of the

upper surface of trilobites. The king-crab of the present

day in its young state is distinctly trilobed, and also shows a

facial suture, and hence many writers were led to conclude
that it is the nearest living ally of the trilobites. But this

idea is probably incorrect.

Of the undtr-surface of the body, the only part that is

commonly met with is the " labrum " or " hypostome "

(see Figs. 4 and .5). This is a broad plate attached to the

front margin of the head and reaching backwards as far as

the mouth.
Nearly half a century ago a Russian geologist named

Eichwald found certain jointed cylindrical fossil fragments
along with numerous trilobites, and he came to the

conclusion that these were the antennae and limbs. But
they were not attached to the bodies, and most pahi^onto-

logists looked upon them with suspicion.

Other writers found what they supposed to be the points

of attachment of limbs ; but it was not till 1870 that any
specimen was discovered showing the limbs actually

attached to the body itself. It was in a specimen of the

genus Asaphus (Fig. 2), in America, that this fortunate
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discovery was made ; and it showed that each of the eight

thoracic segments bore a pair of cylindrical-jointed legs,

adapted for wallcing rather than swimming. About the

Fio. -Under side of Asap/ius platiicephalus, showing the
thoracic legs. (After Billings.)

same time Dr. Woodward discovered a small palp, not un-

lilfe the palps of the jaw of an insect, lying close up against

the hypostome of another specimen of the same species.

But in spite of such discoveries there were still sceptics

who denied that these were really limbs, and looked upon
the " legs " as mere thickenings of the under-surface of the

body. In order to set this question at rest an American
geologist, Walcott, conceived the idea of cutting across the

bodies of well-preserved trilobites and thus exposing the

limbs in section, if they should happen to have left any
traces of their presence. He made several thousands of

sections, but only some two hundred and seventy of them
were found to be of any use.

Even with these sections it was no easy task to deter-

mine the character of the limbs. A single section could

show but little ; and it was only by examination of the

whole series that ^\'alcott was enabled to form a general

idea of the nature of the appendages.

He found no trace of antennas ; but the head bore four

pairs of appendages surroimding the mouth (Fig. 8i. All

were jointed, and the iirst three were slender, while the

fourth was much stronger and broader. Each segment of

the thorax and of the tail also possessed its own pair

of limbs ; and these were all of the same cliaracter, but

diminished in size towards the tail. Each limb (Fig. 1)

consisted of a broad basal joint articulating with the body ;

and from this joint sprang two branches, both of them
slender and made up of several segments. The outer branch

Fl&. 3.—Restoration of the under
surface of Calymene. (After Walcott.)

was provided with a row of bristles. Such limbs could

not have been used for swimming, and the animal must
have crawled upon the bjttom of the sea.

But this is not aU.

Many of the legs also

bore a delicate doubly-

branched filament,
which was often coiled

into a spiral. These,

no doubt, were the gills

or breathing organs.

Many living Crustacea

have the gills attached

to the Umbs, and in the

genus called Cyamus
these giUs are spiral.

Walcott's observa-

tions thus confirmed the

conclusions based on
the American specimen
of Asaphus already no-

ticed, and they were
themselves confirmed

by the discovery of

a second specimen (of

a slightly different

species) showing the

limbs much more per-

fectly (Fig. 5).

So matters remained until the last year or two, when a

startling discovery

was made near
Kome, in the State

of New York. Tri-

lobites are very

abundant in certain

slaty beds near that

town, and they are

more perfectly pre-

served than any
which have hitherto

been found else-

where. Many of the

specimens show the

limbs, and some of them even possess antennse, of which
no trace had yet been discovered. Most of them belong

to the species Triarthms Imki, but other forms are not

uncommon. The specimens have been partly described

by Matthew and Beecher, and the latter is still engaged
in studying them.

The presence of antennae is, perhaps, the most interesting

featm-e of the discovery (Fig. 6). They are attached to

the sides of the hypostome on the under-surface of the

head, and extend forwards as slender jointed filaments,

not unlike the antennic of a lobster. Besides these, the

head bears four pairs of appendages, as Walcott had con-

cluded. The thorax also and the tail bear Umbs, and all

of the appendages except the antenna; are built upon the

same plan. Each commences with a basal joint articu-

lating with the body of the animal, and from this spring

two branches, each of which is made up of a number of

joints or segments.

But although the general plan of all the limbs is the same,

the details arc modified in difl'erent parts of the body to

suit various purposes. In the head the limbs were required

to serve as jaws, while towards the hinder end of the body

they were used for swimming. We may look upon the

appendages of the second thoracic segment as a kind of

middle stage between those extremes. The inner part

Fig. i.—Section of Cali/meiie. (After

Walcott.) A, inner branch of the limb;

B, outer branch ; C, spiral gills.
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of tilt basal joint is here prolonged into a spur projecting
towards the middle line of the body ; the two branches
are long and slender, and the outer one bears a row of
bristles.

Fig. 5.—Under siu-t'acc of a specimen of A.\nj>hus megistos, show-
ing the limbs. (After Waloott.) H, hypostoine.

In the head (Fig. 6) the basal joint is more strongly
developed, and the spur is modified to form a jaw working
against the corresponding part of the limb on the other
side of the body. At the same time the two branches of
the limb become smaller and weaker.
As we trace the limbs backwards, on the other hand,

we find that the spur of the basal joint becomes shorter
;

and the segments of the inner branch, instead of remaining
cylindrical, become broad and flat. The whole limb, in

fact, is adapted for swimming rather than for any other
purpose.

Hitherto no trace of the spiral gills described by Walcott
has been discovered in

these specimens. But it

must be remembered
that Walcott's sections

belonged to quite a difl'er-

ent genus of trilobites.

Allowing for this and for

the great difBculties with
which he had to contend,

it is gratifying to find

that his careful and pains-

taking researches led him
so nearly to the truth.

There can be little doubt
that the genera examined

by him {Calymene and Ccrauni.s) bore antenna, although
he did not discover them. Indeed, Walcott himself now
believes that he has found a trace of autenn® in some of

his sections. It is probable, too, that the appendages of

the tail of Cahjmene may have been flattened, but this

must reiiiain doubtful lor the present.

Fig. 6.—Under side of iiead of

Triarthrus, sliowing t)ie antenna-

and organs of the month. (After
Beecher.)

We may heartily congratulate the American palnconto-

logists upon th(! results of their long-continued labours

;

but is it too much to hope that l''juropo may some nay join

in these researclies '.' Not a single specimen of a trilobite

showing appendages has yet been discovered except in

America. Surely a diligent .searcli among the least altered

of our older rocks might meet with its reward.

THE FACE OF THE SKY FOR MARCH.
By IIeriiert Sadler, F.E.A.S.

SUNSPOTS and faculjB are evidently decreasing in

number and size, but should be observed whenever
the Sun is visible. Conveniently observable

minima of Algol occur at Oh. .'J()m. p.m. on the

20th and at Gh. 15m. p.m. on the 23rd.
Mercury is a morning star, but, in spite of his attaining

his greatest western elongation (S?}") on the 5th, he rises

so soon before the Sun that he is by no means well

situated for observation. We give an ephemeris of him for

the first third of the month ; after that he approaches the

Sun too closely to be visible. On the 1st he rises at

5h. 51m. A.M., or about one hour before tiie Sun, with a

southern declination of 10' 12', and an apparent diameter
of 7i", just one-half of the disc being Uluminated. On
the 6th he rises at 5h. 17m. a.m., or 50m. before the Sun,
with a southern declination of 15° 31', and an apparent
diameter of 7", tVo'-lis o^ '^^ disc being illuminated. On
the 11th he rises at 5h. 14m. a.m., or 41m. before the Sun,
with a southern declination of 14° 14', and an apparent
diameter of 6V', y'g'oths of the disc being illuminated.

While visible he describes a direct path in Capricornus to

the borders of Aquarius.

Venus is a morning star, but is rapidly getthig lost in

the Sun's rays. In her case, also, we only give an
ephemeris for the first third of the month. (Dn the 1st
she rises at 5h. 38m. a.m., or Ih. 10m. before the Sun,
with a southern declination of 18° 4', and an apparent
diameter of 12f", /g^ths of the disc being illuminated.

On the 11th she rises at 5h. 30m. a.m., or 55m. before the

Sun, with a southern declination of 14° 54', and an
apparent diameter of 12^", xoo*''^^ o^ '^^ disc being

illuminated. While visible she describes a direct path in

Capricornus, being near 5 Capricorni on the 3rd.

Mars is at present an object of no interest whatever to

the amateur, and Uranus rises so late that we defer an
ephemeris of him until next month.

Jupiter is still a splendid object, both in the evening and
morning sky. On the 1st he sets at 5h. 32m., or Ih. 16m.
before sunrise, with a northern declination of 20° 52', and
an apparent equatorial diameter of 44'4 ". On the 11th
he rises at Oh. 47m. p.m., with a northern declination of

21° 0', and an apparent equatorial diameter of 43|". On
the 21st he sets at 4h. 10m. a.m., or lb. 51m. before sunrise,

with a northern declination of 21° 3', and an apparent

equatorial diameter of 420". On the 30th he rises at

llh. 80m. a.m., and sets at 3h. 31m. am. on the 31st,

with a northern declination of 21° 2', and an apparent

equatorial diameter of 40f ''. He describes a short retro-

grade path in Cancer till the 21st, when he begins to

retrace his steps. The following phenomena of the satellites

occur before midnight on the days named, while the planet

is more than 8° above and the Sun 8° below the horizon

:

On the 1st a transit ingress of the third satellite at

6h. 49m. P.M., of its shadow at lOh. 13m. p.m. ; a transit

egress of the satellite itself at lOh. 27m. p.m., an occulta-

tion disappearance of the first satellite at llh. 26m. p.m.

On the 2nd a transit egress of the fourth satellite at
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6h. 34m. P.M., a transit ingress of the first satellite at

8h. 45m. P.M., of its shadow at 9h. 37m. p.m., a transit

ingress of the shadow of the fourth satellite at lOh. Im.
p.m., a transit egress of the satellite at llh. 5m. p.m., a

transit egress of the shadow of the first satellite at llh.

57m. P.M. On the 3rd an eclipse reappearance of the first

satelhte at l)h. 3m. 17s. p.m. On the 7th a transit ingress

of the second satellite at 7h. 38m. p.m., of its shadow at

lOh. 32m. P.M., a transit egress of the satellite at lOh.

19m. P.M. On the 9th an eclipse reappearance of the

second satellite at 7h. 27m. 32s. p.m., a transit ingress of

the shadow of the first satellite at lOh. 33m. p.m., and of

its shadow at llh. 31m. p.m. On the 10th an occultation

disappearance of the fourth satellite at lOh. 16m. p.m., and
an eclipse reappearance of the first satellite at lOh. 58m.
26s. P.M. On the 11th a transit egress of the first satellite

at 7h. 20m. p.m., and of its shadow at 8h. 20m. p.m. On
the 12th an eclipse reappearance of the third satelUte at

7h. 41m. 57s. p.m. On the 14th a transit ingress of the

third satellite at lOh. 2m. p.m. On the 16th an eclipse

reappearance of the second satellite at lOh. 2m. 46s. p.m.

On the 17th an occultation disappearance of the first

satellite at 9h. 31m. p.m. On the 18th a transit ingress of

the shadow of the first satellite at 7h. 55m. p.m., a transit

egress of the satellite at 9h. 9m. p.m., a transit egress of

its shadow at lOh. 15m. p.m. On the 19th an occultation

reappearance of the third satellite at 7h. 15m. p.m., an
echpse reappearance of the first satellite at7h. 22m. 31s. p.m.,

an eclipse disappearance of the third sateUite at 8h. 9m. 383.

P.M., a transit egress of the shadow of the fourth satellite

at 8h. 48m. p.m., an echpse reappearance of the third

sateUite at llh. 41m. 42s. p.m. On the 23rd an occultation

disappearance of the second satellite at 7h. 28m. p.m. On
the 24th an occultation disappearance of the first sateUite

at llh. 21m. p.m. On the 25th a transit ingress of the first

sateUite at 8h. 40m. p.m., of its shadow at 9h. 50m. p.m.,

a transit egress of the satelUte at llh. Om. p.m. On the

26th an occultation disappearance of the third satellite at

7h. 19m. p.m., an eclipse reappearance of the third satellite

at 12h. 9m. 8s. p.m. On the 30th an occultation disap-

pearance of the second satellite at 9h. 57m. p.m.

Saturn is an evening star, rising on the 1st at llh. 43m.
P.M., with a southern declination of 15^ 10', and an
apparent equatorial diameter of 9'1" (the major axis of the

ring system being 42-0" in diameter, and the minor 15.}").

On the 10th he rises at llh. 8m. p.m., with a southern
declination of 15^ 6', and an apparent equatorial diameter
of 9'2' (the major axis of the ring system being 42V' in

diameter, and the minor 15|"). On the 20th he rises at

lOh. 2Gm. P.M., with a southern declination of 14 59', and
an apparent equatorial diameter of 9-4" (the major axis of

the system being 43" in diameter, and the minor 10"). On
the 31st he rises at 9h. 41m. p.m., with a southern declina-

tion of 14^ 50', and an apparent equatorial diameter of 9|"

(the major axis of the ring system being 43.y in diameter,

and the minor 6|"). Titan is at his greatest eastern

elongation at 2h. a.m. on the 16th, and lapetus at superior

conjunction at 4h. a.m. on the 7th. Dmiiig March
Saturn describes a short retrograde path in Libra, without
approaching any naked-eye star.

Neptune is an evening star, but should be looked for as

soon as possible after sunset. He is in quadrature with
the Sun on the 5th. On the 1st he rises at lOh. 14m.
A.M., with a northern declination of 21° 13', and an apparent
diameter of 2-6'. On the 31st he sets at Oh. 25m. a.m.,

with a northern declination of 21° 17'. During March
he describes a very short direct path in Taurus, to the

south ol the 4j magnitude star i Tauri. At 7h. p.m. on
the 10th he is in conjimction with i Tauri, 13' to the south.

and about 3h. p.m. on the 31st he is in conjunction with
the 6} magnitude star B.A.C. 1555, 8j' to the north. A
map of the small stars near his path wiU be found in the
English Mechanic for August 16th, 1895.

There are no very weU marked showers of shooting stars

in March.
The Moon enters her last quarter at llh. 29m. a.m. on

the 6th ; is new at lOh. 48m. a.m. on the 14th ; enters her
first quarter at llh. 57m. a.m. on the 22nd ; and is fuU at

5h. 21m. A.M. on the 29th. She is in apogee at Ih. a.m.

on the 15th (distance from the Earth, 252,620 miles), and
in perigee at midnight on the 28th (distance from the
Earth, a21,670 mUes).

(Jl'fjcss Column.
By C. D. LococK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Bm-wash, Sussex, and posted on or before

the 12th of each month.

PEOBLEMS.
No. 1.

By J. T. Blakemore.

Black (J).

mm

i

i „

i mk i

'M W,» m
White (111).

White mates in three moves.

No. 2.

By C. D. Locock.

Ul.ick (:i).

^ p I «^fi
5 'v,,/-/ :.

..... ..M

m
WllirK lO).

White mates in two moves.

A. Firth.—Many thanks for the report.

A A'oc.sfmKH.—Thanks for your note and the formula
;

we have not found time to examine it jet.
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The following was, perhaps, the finest game played in

the recent tournament at St. Petersburg.

" Queen's Gambit Declined."

White. Black.
(H. .\. PiUsbur.v.) (K. r.ii>k,T,)

1. P to Q4 1. P to Q4
2. P to QB4 2. P to K3
8. QKt to B3 3. KKt to B3
4. Kt to B3 4. P to Bl
6. B to Kt5 5. P X QP
6. Q X P 6. Kt to B3
7. Q to KR4 7. B to K2
8. Castles 8. Q to R4
9. P to K8 9. B to Q2

10. K to Ktsq 10. P to KRB
11. PxP 11. PxP
12. Kt to Q4 12. Castles

18. BxKt 13. BxB
14. Q toR5 14. KtxKt
15. PxKt 15. B toK3
16. P to B4 16. QR to Bsq
17. PtoB5 17. RxKt
18. PxB 18. R toQR6
19. PxPch 19. RxP
20. P X R 20. Q to KtBch
21. B toKtS 21. QxBch
22. K to Rsq 22. R to B2
23. R to Q2 23. R to B5
24. KR to Qsq 24. R to B6
25. Q to B5 25. Q to B5
26. K to Kt2 26. RxP
27. Q to K6ch 27. K to R2
28. K x R 28. Q to B6ch
29. K to R4 29. P to Kt4ch
80. K X P 30. Q to B5ch
81. Resigns

CHESS INTELLIGENCE.

Hi
9i

The important quadrangular tournament at St. Peters-

burg resulted as follows :

—

First Prize ... E. Lasker
Second Prize ... W. Steinitz

Third Prize ... H. N. Pillsbury ... 8"

Fourth Prize ... M. Tchigorin ... 7
Each player played six games with every other, so that

the highest possible score was eighteen. As might have
been expected in such a tournament, or, rather, series of

matches, none of the competitors approached this ideal

score.

The final result is more or less in accordance with
established form. Lasker was last year the acknowledged
champion of the world, in succession to Steinitz, who had
held the post for nearly thirty years. Pillsbury was the
new star which had eclipsed all others at Hastings

; while
Tchigorin, though a very fine player, had never, to our
knowledge, won outright any tournament or match of

primary importance. In spite of this, all sorts of excuses
have been made for his position on the list. One of the
four had of necessity to occupy the lowest place. Tchigorin,
who had whatever advantage there is in playing in his

native land, came out a good fourth, with a by no means
discreditable score. It is true that he made more over-

sights than usual, but Steinitz and Pillsbury were almost
equally unfortunate in this respect.

PiUsbury's play is to a certain extent unaccountable.
At the conclusion of the first half of the tournament he
actually held the lead ; in the second half he did not win a

single game. This breakdown does seem to require some

explanation. Such, however, is not forthcoming, even

from the player himself. It is noteworthy, especially, that

he did not win a single game from Steinitz.

The last-mentioned player was a little fortunate in this

and in some other respects. His position is most creditable,

but he owes it entirely to his success against Pillsbury. He
won two games from Tchigorin, and one from Lasker.

Lasker, as will be seen from the score, won with com-
parative ease. No doubt he could, if necessary, have added
another half point or so to his score ; but with victory

certain he may well have been content to draw his last

two games without running any risks or incurring any
unnecessary fatigue. Certainly he has more than atoned
for his comparative failure at Hastings, where, like Tarrasch

and Steinitz, he was handicapped by ill-health. Though
beaten by Pillsbury in their individual encounters, he

would have been equal to him if he had played his first

game in anything like his proper form.

The following is an analysis of the score :

—

Ijasker beat Steinitz (H| to 1^) and Tchigorin (5 to 1).

Steinitz beat Pillsbury (5 to 1).

Pillsbury beat Lasker (3| to 2^) and Tchigorin (31 to 2i).

Tchigorin beat Steinitz ( 3.} to 2^).

Matches and rumours of matches have arisen from this

great contest. Steinitz will play a match of twelve games
with Schiffers at Kharkofif. The latter player should

hardly do more than offer a sturdy resistance. The com-
mittee of the Hastings Club have offered £150 for a

championship match between Lasker and Steinitz, to be

played in that town next May, only to find that the Moscow
Club had already been in negotiatio]i for a similar contest

at the same date, and under conditions more likely, it is

said, to be satisfactory to the two parties concerned.

The present score in the Vienna Chess Club Tournament
is :—Englisch 7|, Marco 6^, Schlechter 6, Schwarz 5|,

Tinkl 5^, Weiss, Albin, Max Judd, and Halprin 4^,

Mandelbaum 4.
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ELECTROGRAPHY ; OR THE NEW
PHOTOGRAPHY.
By J. W. GiFFORD.

THE extreme interest taken by tlie public in this

subject, and the difficulty of obtaining reliable

information about it, must be my excuse for

venturing to write of what is still so little under-

stood. Most of those engaged in experiment are

too busy, and too eager to try for new eli'octs, to care to

spend their time in writing. When the news of Prof.

Kontgen's wonderful application of this form of electric

force first reached this country, it was received with doubt

by some ;ind with scorn by others. Now we believe and
have seen what would have seemed too absurd for a work
of fiction a few years ago. Not only can coins enclosed in

a box, or laid under a pie-dish, be electrographed with
perfect ease, but bones enclosed in living flesh can be

shown with little more difficulty. Any imperfection in

the bones, any foreign body in the tlesh, is made as

clearly visible as though laid bare by the surgeon's knife.

Hitherto, this can only be said to have been done to

perfection in the case of the hand or foot, but when we
remember that the first news of Prof, llontgen's experi-

ments reached us but a few weeks ago, the only marvel ia

that so much has already been accomplished.
The earliest experimenters in England who attained

satisfactory results by the new influence—call it what you

will—were Mr. A. A. Swinton, in London, and myself at

Chard.
Shortly before the article appeared in the Standard last

January announcing Prof. E6ntgen"s discovery, I had been

experimenting with spectrum photo.graphy, and for this

purpose had bought a hand dynamo and a large spark coil,

so as to volatilize the more refractory elements. Some
fifteen years ago, when Prof. Crookes' researches on

radiant matter were first published, I had bought a set of

Crookes tubes, and therefore found myself equipped, by

good fortune, with all the necessary material for making

the experiments. But so imbued was I with the idea of

spectrum analysis and spectrum photography, the study

of which had engaged my attention for years, that no
explanation of the discovery other than a photographic one

occurred to me. I therefore tried a set of experiments

—

all of which failed—taking as my standpoint the idea that

the photographs must be produced by ultra-violet rays.

Thinking the thing was a hoax, or at any rate a mis-

conception, and seeing that the experiments in Vienna

had, up to that time, failed, I sent a communication to the

Royal Photographic Society, detailing my experiments and

their failure. This arrived just too late for the meeting

on the 14th of January.

After that the papers became more definite, and I tried

again, this time abandoning the theory of light for that of

electricity ; and on Saturday the 18th, to my great delight,

I succeeded in electrographing a child's hand through

cardboard. This was shown at the Photographic Meeting

on the following Tuesday. In this early experiment, and

in fact in all the earlier ones, the plate was enclosed in

a cardboard box, such as photographic plates are packed in,

and the hand laid on the lid of the box about two inches

below the glass bulb—for, as far as appearance goes, tube

is a misnomer—with the result that a child's hand appeared

on the plate after development. In the earlier attempts

five minutes' exposure was given, and in the first successful

one the nails appeared, but little or no bone. Never since

the first experiment have the nails appeared—why is not

known. Probably the bones did not appear partly because

it was a child's hand and the ossification imperfect, and
partly because the exposure was too short for the power

used. Later experiments have shown better results, and

for the benefit of those who have never seen the apparatus

at work I wUl describe what is used.

First there is a hand dynamo, giving a current of ten

volts, fifteen amperes ; then a spark or intensity coil, giving

a ten-inch spark ; and lastly the glass bulb, which is

exhausted to about the millionth of an atmosphere. Of
course every man has his own fad, but I believe all the

most successful experimenters have used apparatus similar

to this. The difi'erent parts of the apparatus are connected,

the circuit closed, and the dynamo revolved. The bulb is

filled with a beautiful green light, which looks a very

yellowish green by daylight—a colour difficult to describe,

but characteristic of this state of exhaustion. Tubes less

exhausted show a whitish or violet light, and more
exhausted they do not allow the spark to pass freely

enough to do the work. The greenish light is, as far as my
experience goes, a sine qu<! non. The tube in the later

experiments has been placed about eight inches from the

object to be photographed, and this, though it lengthens

exposure, vastly improves definition.

One must leave off thinking of these pictures as photo-

graphs, and think of them and reason about them as

shadows. If a mateh be lighted and the blade of a knife

be held up between it and the wall, definition improves and

the size of the shadow decreases as the knife is farther

from the match and closer to the wall. This simple
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experiment—which the reader should trj'—shows why
some of the earliest hands appeared so large and had such
" woolly " or iudistinet outlines.

The subject to be operated on is taken into the dark

room. A sheet of celluloid or mica is laid over the film of

a sensitive plate ; the hand, if that is to bo the part electro-

graphed, is laid on the celluloid, and the whole enclosed

in a blin'k cloth bag, tied tightly rouud the wrist, so that

no light may get at the plate. The plate may then be

taken into broad daylight not bright sunshine—and laid,

wilh the patient's hand upon it, on a table over which the

bulb is hung. I use a small wooden stand, of the size of

a whole plate, with a ledge on one side to prevent slipping,

attached to one end of which is a glass rod in the form of

an inverted L, from the horizontal arm of which the tube

hangs. In some experiments no celluloid was used, and
in more than one case the warm moisture of the hand
partially melted the gelatine. In others a paper bag made
of grocer's paper was slipped over the plate to prevent

contact. The paper meant is the greased paper used for

wrapping up butter, and this is supposed to be quite

waterproof ; but in some cases the grease melted, and the

last state of that plate was worse than the first. With a

cool hand paper is better, for it is less slippery; but with a

hot one ?jiica or celluloid is best. Both the latter are so

transparent to the rays which do the work that a mica

disc and a piece of celluloid laid on a plate and electro-

graphed are barely visible in the negative. The exposure

varies according to the thickness of bone and tissue to be

penetrated, and according to the moisture in the air.

No pain is felt beyond a slight cramp, or "pins and

needles," owing to the limb being kept in one position so

long. After exposure the plate is developed and fixed as in

ordinary photography.
Among the subjects hitherto electrographed with my

apparatus are, of course, a large number and variety of

hands, some well- and some ill-formed. This is the easiest

living subject. Several feet have been taken, some elbow

joints, a club-foot, living cats' and dogs' paws, a flatfish,

a rabbit's shoulder (dead) showing a shot jammed between
the small bones, and a boy's forearm with several shot

embedded just below the elbow. The accompanying prints

of a sparrow (Fig. 1 and Fig. 2) illustrate one of the

peculiarities of eleetrography. The two prints are from the

same bird, one photographed in the ordinary way, and one

electrographed. The first shows no peculiarity, but the

second looks like a half-hatched chick. Although it was
known that feathers were transparent to the new rays, the

result at first seemed startling. The sparrow, when dead,

was laid flat so as to show the ventral aspect. 8ome con-

fusion of image is caused by the bones of the back appearing

through those of the front. The merrythought is plamly

visible and the breast-bone. The round black thing is

supposed to be the gizzard. This print is important on

account of its indications of internal organs, which have,

so far as 1 know, never before (February 29th) been electro-

graphed inside an entire animal. The illustrations of a

mouse show internal organs still more clearly. The first

one ( Fig. 3) is the ventral aspect. It shows the attachment

of the hind legs and the vertebrae of the tail especially well.

It also seems to show signs of Imigs, liver, and kidneys.

The second one (Fig. 4), in profile, shows the dental

formation of the rodent, and, still more clearly, the internal

organs. As the mouse in this case was laid on its side,

the legs furthest from the plate are, of course, incUstinct.

No others of my negatives differentiate so well between the

different structures, and, in most of them, only the ditt'erence

between bone and flesh has been visible.

The child's hand and forearm (Fig. G) illustrates the

incomplete ossification proper to the age. As it was a

child of six, it was diilicult to keep the hand perfectly still

for ten minutes, and the outline is, therefore, somewhat
indistinct. The "growing places" between the phalanges

of the little finger are well shown. Here the bone is still

in a cartdaginous state.

The adder (Fig. 5) was laid on its back and pressed well

on to the plate, but being somewhat crushed with packing,

and having stiffened after death, it did not touch quite

evenly, llencu a little indistinctness here and there. The
head is remarkably well defined, every bone being distinct,

and the fangs appear clearly.

For a hand from ten to fifteen minutes gives good results,

for a foot from thirty to fifty, and for an elbow about the

same. The cat objected at the end of four minutes, and the

dog at the end of seven. The cat's paw, though a thin

negative, was quite clear ; but the dog had evidently twitched

a little. In these cases the paws were fastened to the plate

with two elastic bands, and the paw held well out from

the body of the animal. The paw was tightly gripped,

and the bag tied round the wrist of the holder above the

animal's shoulder, so that both paw and hand were inside

the bag. Something of this sort would be necessary in

any attempt to electrograph a baby's limb. No fur is

shown in any of the negatives. A foot can, of course, be
electrographed through a stocking ; but the edges of the

stocking show, and the definition is slightly impaired.

The elbow joint and the club-foot, being thick, did not give

good definition, for the further from the plate the more
" woolly" the outline. The flatfish was a small dab, and had,

unfortunately, been cleaned, so that the viscera are not

there ; but the bones show through the flesh and skin as

clearly as though it was made of glass. In many of the

hands and feet the bones show clearly down to the wrist

and ankle. In one case, the back of a lady's hand, which
had a long exposure, the bones of the wrist look as though
they were cut out in stone, they are so distinct ; and the

ankle bones in one foot are no less clear.

In the case of an invalid it will probably be impossible

to get such fine definition, for only one or two of the

subjects tried have proved such good sitters as the lady

mentioned above. Invalids are usually nervous and inclined

to twitch, or they have hot, moist hands or feet, or their

malformation renders it difiicult, as in the club-foot, to

lay the part well on the plate. For taking a foot, a chair

placed on a table is used ; but for the club-foot, as the side

of the foot was to be taken, a table, with a mattress on
which the patient lay, was employed, and the leg strapped

to the table. The part of the limb electrographed is not

the part next to the tube, but that next to the plate.

This is obvious if one remembers that it is a shadow.
Thus, the hands are all palms and the feet are all soles

unless special arrangements are made. The distinction

between bone and flesh is very marked, but I have never

seen any sign of a nerve or blood-vessel. If these were

ever visible, one would have expected to see them in the

forearm with the shot, or in one of the elbow joints, which
have been taken in various positions, and in which part of

the body the vessels must be large enough to show.

As regards the tube, I used at first a Crookes tube, which
I had bought more than fourteen years ago. With this

I make almost continuous exposures, stopping every five or

ten minutes to feel the terminals ofmy tube, and unless they

are hot, which is seldom the case, I go on again at once.

My tubes are much larger than those now sold in England.

I used only two for all my early experiments. The first

one seemed to be deteriorating ; it became increasingly

difficult to get the spark through, so I tried another. That
gave splendid results for about a fortnight, and then began





Fig. 5.—Dorsal view of Adder. Elect rot;raphfd by Mrs. Grifford and Miss Baylis, with a tube by
Mr. A. C. Cossor. Exposure, ten minutes. (Marcli 5th, 1896.)

Fio. 6.—Hand and Forearm of Sylvia Gifford, aged 6, sbowing; incomplete ossification. Electrographed by Mr. J. W. Grifford. Tube by Mr. C. Baker.

Exposure, one minute. (Marcli 14th, 1896.)
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FlO. 1.—Ordinarj Photograph of a Sparrow. Bj ilr. F.

Higgins, Photographer, Chard.

Fig. 2.—The same, clectrographed by Mr. Gifford and Miss Bavlis,
showing bones and internal organs, but no feathers. Exposure,
three and a half minutes. (Februarr 25th, 1896.)

Fig. .3.—Mouse, ventral aspect. Kleetrographed
by Mr8. Gifford. Exposure, live minutes.
(February 28th, 1896.)

Fio. 4.— >luii>e 111 iM-oiue. Kieeirvigraplied

by Mrs. Gifford. Exposure, five minutes.
(Februnrv 28th, 1896.)
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to act badly, the spark illuminating the tube fitfully.

Then I reinstated the first one, and found it had renewed
its youth and worked as well as ever. Of course, until it

can be shown that the second improves with rest, one

cannot consider the point to be proved : it may be merely

that experiment has improved other conditions ; but for

those who have already spoiled their tubes, even the

possibility is cheering.

It is exceedingly difficult to get a tube that will act.

Of the first five tubes of English make that I tried, none
gave good results. One cracked on being taken out of the

box—with no blow, but merely on exposure to the air of

the room. Another showed a white and violet light which
gave very little effect after very long exposures. A third

broke down at the first spark, owing to the air occluded in

the terminals being driven into the bulb and spoiling the

vacuum. The fourth and fifth are still intact, but appear

to require exposures of far greater length than any men-
tioned above. They are all much smaller than the old

Crookes tube, so I tried them with a small coil ; but
though they looked very pretty, they did little or no work.

It has been suggested that an aluminium window let into

the side of a tube would shorten exposure ; but the

difference in tone between a piece of glass and a piece of

aluminium electrographed on the same plate, was so

trifling as to show that the tube would not be worth the

trouble of making. An aluminium tube would be very

difficult to insulate. Other English tubes I have tried

give good results for a time. The mouse was done with
one which gave the proper green light, but which heated

so that it had to be worked a quarter of a minute at a time

and then have a quarter of a minute's rest, thus doubling

the time of the sitting. After three or four exposures it

deteriorated, the whitish blue light appearing instead of

the green, and a dark fatigue spot showing on the glass in

the centre of what had beeu the brightest ring of the green

light. As the tube deteriorated it gave the outline of the

object with about the same exposure, but it lost some
of its electrographic properties. For instance, the bones

of a sparrow hardly showed, whUe the feathers were indi-

cated, though not so clearly as in ordinary photography.

Other tubes gave varying results, but none showed any
sign of wearing for more than a few exposures. Of course,

if the current is carefully regulated they last longer. The
tubes now made are far smaller than my original Crookes
tubes, and I cannot help thinking that no great advance
will be made in this matter until some maker will give us

tubes of from four and a half to six inches diameter,

and as carefully finished off' as the original ones. Although
I should not expect anything from a tube with an
aluminium window, a mica one might give very much
better results, for mica is far more transparent to th) new
rays than glass. The focus tube now being talked of

seems to me a good idea, but I cannot consider it a novelty,

for the tube all my best early results were taken with is

one which has a concave cathode focussing on to a piece

of platinum in the centre of the tube, and is one of

Crookes' original make. To many my exposures will

seem inordinately long, but they represent the actual time

the sitter or object remained on the table, and take no
account of any waiting—treating a pause in the work as

exposure, which it practically is in a live subject. I do

not wish to boast, but hitherto I have never broken a tube.

Atmosphere makes a difference. A tube that had worked very

badly in a lecture-room overnight gave excellent results

next day in a sitting-room heated by a gas stove, which
thoroughly dried the air.

The theory of this subject is at present very hazy. That
the phenomena arc due to electrical disturbance 1 have

insisted on from the time I made my first successful experi-

ment. They seem to be the product of what is known as

the Hertzian ray, so called because it was first investigated

by a Swiss electrician, Hertz. A Hungarian professor

named Lenard forestalled many of Prof. Eontgen's experi-

ments, as the latter willingly acknowledges ; but to Prof.

Rontgen belongs the honour of applying the influence to

physiology. What its possibihties in that way may be no
one can yet foretell.

It seems that the electrical waves are longer than those

of light, that they are propagated in straight lines, that

they are incapable of refraction, but not, perhaps, of

reflection, and are possibly not transverse but longitudinal

waves. To this last idea the researches of Lord Kelvin

lend colour. If this be so, before we can fully investigate

this set of phenomena we shall be in the difficult position

of having to divest our minds of all preconceived ideas

connected with the laws of hght.

Hertz showed that the electrical wave can be propagated

by the ether without the intervention of what is generally

known as a conductor, much as the sound made by a

tuning-fork is given out by a violin string tuned to the

same note and placed at some distance off". The tuning-

fork gives out a simple fundamental note ; the violin string

gives out that note too, but, being fastened at both ends,

vibrates in nodes besides vibrating as a whole, and gives

rise to a host of overtones. For the tuning-fork substitute

the Crookes tube, and for the violin string substitute the

sensitive plate, and you have a rough and very imperfect,

but possibly helpful, analogy. It is not said that this is

what does occur, but merely that this helps the mind to

imagine what may occur. To carry the analogy further,

the electrical fundamental may be able to pass through
certain substances whicli the shorter actinic overtones

could not penetrate. When it gets to the photographic

plate, it may set up not only the electrical fundamental
but the actinic overtones which affect the plate. This is

a clumsy attempt to explain what no one as yet under-

stands. In an attempt to electrograph a sparrow under
chloroform a piece of cotton wool was placed on the

celluloid covering the plate and saturated with chloroform.

This came out quite black, whereas dry cotton wool shows
no more than feathers. In a further experiment to verify

this, some cotton wool saturated with water, some with
alcohol, and some with chloroform gave nearly similar

results, while a dry piece did not show at all on the

negative. This seems an added proof of the electrical

nature of the rays. The area of electrical disturbance

may easily be demonstrated by holding a smaU specimen
gaseous tube, such as is used in spectroscopy, near the

tube, coil, or cables, when it will be seen to glow at a

distance of several inches, just as it would if it were con-

nected to a battery. The region where it glows brightest

is near the negative pole of the coil.

A paper on this matter would not be complete without

some allusion to Prof. ISalvioni's experiments in " seeing

the invisible." I took a funnel-shaped iron tube. On a

piece of black paper (such as is used for wrapping up

photographic plates) 1 gummed an area as large as the

large end of the tube. I allowed that to partially dry and
dusted it over with barium platino cyanide, using about a

drachm. This 1 attached to the iron tube by means of

elastic bands. When held up to daylight or bright gas-

light no ray of hght appeared, but when held near the

bright end of a vacuum tube a glow was seen, and a

purse held between the paper and the vacuum tube

showed distinctly a coin inside. The bones of the hand
show clearly through the tlesh, and the lead of a pencil

through the wood ; but the light seemed to me too dim to
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be of practical value in surgery. Prof. Salxioni's results

are, however, a very striking corollary ol Prof. Ivontgen's
discovery. In repeating Prof. Salvioni's experiments, I

first tried his method of saturating blotting paper with a

solution of the powder, but I think my plan gives more
light. Parinm platino cyanide costs, unfortunately, eight

shillings a drachm, so the experiment should be cautiously
made.

As bearing on the limitations of electrography with
regard to surgery, I may mention that an attempt to get
at the inside of an incubating egg failed. Only the graining
of the shell appeared on the negative, because an egg is

completely surrounded with a substance which, like bone,
is opaque to the influence. If this be so, what becomes of
the marvellous tales about the photographs of the inside of

the living skull? If the head be electrographed, what can
be obtained but a mass of bone with no definition ? For
the brain is surrounded by bone, except at the holes for

the optic nerve.

As far as electrography has gone, its uses to the surgeon
are little or none—at least that seems to be the opinion of
the medical men with whom I have talked on the subject

;

but there is one way in which, even at this early stage, it

is of practical use. A girl had a diseased fiuger-bone on
which she did not like an operation to be performed. The
electrograph of her hand, though showing little or nothing
to the surgeon of which he was not before aware, at once
convinced the patient, and the operation will shortly take
place. Electrography should also save probing in wounds
of the hand or foot, and, probably, at no very distant date,

in any part of a limb. I think this is all that can be
claimed for it at present, but even that seems a good deal
for a few weeks' work.

]Many people have curious notions about electrography.
A parent wrote to ask if the child's diseased bone could be
photographed ; there would be no difficulty, as the child
was very good and the room to which it was confined had
a south aspect. An old lady wished to have her head
photographed, for she had lately become deaf—she was not
always so—and she thought it would be a good thing to
know what caused her deafness ; she had tried " other
remedies " in vain. A student, hearing me describe my
methods, interrupted with " Oh ! we know all that ; we
have done all these experiments here." I asked to see the
results. " Well "—in a tone which rebuked the irrelevancy
of the question—" there were no results."

The enlargement, due to the distance of the hand from
the plate in the earlier experiments, is, I am told by a
psychic investigator, caused by the " Odic Nimbus." Call

a spade a spade, if you will ; but remember that a shadow
is an odic nimbus. It is a much nicer name.

In case any reader wishes to repeat these experiments
but is deterred by not knowing the cost, I may say that a
ten-iuch spark coil costs £4(,>, a hand dynamo about £15,
and a Crookes tube about 25s. It is not suggested that
my apparatus is the best possible, but merely that good
results have been obtained by its means. Where there is

some means of re-charging them, accumulators are better

than a dynamo, because they are less trouble and the
current is more even.

Note.—Since writing the above, I have succeeded, with
an improved tube, in electrographing my own hand in one
minute. The bones show right down to the wrist, and the
commencement of the ulna and radius is clearly differen-

tiated. The plate was so much over-exposed that I believe

half a minute would be quite enough. No Tesla transformer,
nor any other apparatus than that mentioned above, was
used.

NOVEL EXPERIENCE WITH RONTGEN RAYS.
WuiLK carrying out experiments with Eontgen rays we
have obtained results which we consider worth further

careful investigation.

On exposing a plate contained in an ordinary card-

board plate-box with the object of obtaining a shadow-
graph of keys, coins, etc., on the top, we failed to obtain

the usual image ; on exposing another plate in the same
box after a trifling alteration of apparatus, but with an
entirely different series of objects, we obtained on develop-

ment a well-defined image of the objects first exposed.

Struck with this phenomenon, we made another exposure
in the same box with a plate from a fresh packet, and, on
developing, obtained a good image of the objects placed
for the second exposure. We have repeatedly obtained

these remarkable results under the following varied con-

ditions :

—

Exposure made and no result ; box left for two days ; fresh

exposure made with entirely different objects, and resulting

negative clearly defined objects placed in the box two days
before.

I'jxposure made and box exposed to strong daylight, to

ascertain if sunlight would discharge the latent image,

but with no effect. After an interval of eight days, box was
again subjected to X rays, and a negative obtained of

objects exposed eight days previously.

This is at present entirely inexplicable, and as we only

seem to get these retained or latent impressions with one
box we have not yet subjected the cardboard of which it

is composed to more than superficial examination. It is

our intention to endeavour to obtain more boxes of this

particular batch, and if with these we can confirm our

present results, we hope to elaborate a theory which will

account for what we can only now term '

' the storage and
transformation of images formed by X rays in certain

undetermined varieties of cardboard."

We may add that the apparatus used was a two and a

half inch spark coil, operated by a chromic acid battery,

using sometimes special Crookes tubes and sometimes a

small incandescent lamp with broken filament, for pro-

ducing the X rays.

Leon J. Atkinson.

Arthur H. Pook.

March 18th, 1896. E. P. Williams.

ALUMINIUM: ITS HISTORY, MANUFACTURE
AND FUTURE.-I.

By Samuel Eideal, D.Sc.Lond., F.I.C.

VEEY few chemical discoveries of the present

century have evoked so much interest as that

of the introduction of aluminium. At the Paris

''Exhibition of 1855 it was exhibited for the first

time in public, and was regarded as one of the

principal novelties of that year. The new metal was
shown as a bar, bearing the very sensational inscription,

" Silver from Clay, " and was regarded even at that date as

the metal of the future, with boundless possibilities of

usefulness. The non-scientific press devoted long articles

to its description, and pointed out that a metal with

apparently all the qualities of the noble metals, and
excelling them in having a remarkably low specific

gravity and in its general stability, had been produced

from one of the most abundant materials on the surface of

the earth ; and the inventors of the process were hailed as

benefactors to humanity and honoured as accomplishing

one of the greatest achievements of science. The first
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burst of enthusiasm was, however, soon abated when the

enormous cost of production of the new metal was realized

;

but it was still confidently expected that, with further

work, the price of the element would soon be much
reduced, and that from being a laboratory curiosity it

would then become one of the principal items of metallur-

gical industry. Notwithstanding this stimulus to research,

and the very considerable attention that was devoted to

the elaboration of the processes then proposed for the

winning of the metal from clay, progress was by no means
rapid. Large sums of money were, however, subsequently

expended in the erection of factories in France, England,

Germany, and America ; and the older processes have

gradually been replaced by more modern methods, in

which the progress which has been brought about in the

perfection of electrical plant, coupled with the utilization

of the cheap energy of waterfalls, has been made to

contribute to the manufacture of this element, with the

result that, whereas in 185(i aluminium was worth £18
per pound, and in 18s6 still cost t"2 Ss., at the present

day it can be bought at about eighteen pence per pound.

The present low price of aluminium has naturally brought
it into the range of metals in general use, and has allowed

of its production in large quantities on a metallurgical

basis, so that its adoption for the most varied purposes

has at last been assured. Thei-e can be no doubt that last

year's output of the metal will be largely increased in

the near future, and that the dreams of the journalists of

185.5 wiU soon be more completely reahzed. The excep-

tional position of the metal renders it of interest at the

present time to review the history of its progress, as those

who are engaged in its development are confident that its

use will now rapidly extend in many directions, which have
hitherto been barred through difficulties attending not

only its economical production, but also in the removal of

impurities from the metal which aft'ect its durability, and
in want of knowledge which prevented the most suitable

alloys from being manufactured.

The first attempts at the isolation of this metal from
ita oxide, alumina, were made by Davy in 1807, and some
years later by Berzelius ; but both of these distinguished

chemists failed to obtain any satisfactory result. In IS'24

Oerstedt endeavoured to decompose aluminium chloride

by means of potassium amalgam ; but although it seems
doubtful whether his experiments were successful, he has
the merit of ha%-ing first conceived of the idea that

an alkaline metal might be used for the reduction of

aluminium compounds. The celebrated chemist Woehler,
three years later, succeeded in decomposing anhydrous
aluminium chloride by means of metallic potassium, and
obtained the metal as a grey amorphous powder. He,
however, for some unknown reason, did not continue this

research until 1845, when, by passing the vapours of

aluminium chloride over heated metallic potassium, he
obtained a few grammes of the metal in globules as large

as a pin's head, which resembled metallic silver in appear-

ance. Owing to his extraordinary analytical skill, Woehler
succeeded in studying very completely the chemical and
physical properties of the metal with the small quantity

he had at his disposal. It seems strange that this careful

and valuable work of Woehler should not have at once
rendered its manufacture on a commercial scale possible ;

but it would seem that the cost of the alkaline metals
sodium and potassium at that time was almost pro-

hibitive, even for pure scientific research, and that

Woehler, therefore, had to be content with fully estabUsb-
ing the more important characteristics of this remarkable
element. It thus came lo pass that upwards of nine

years elapsed before the commercial importance of

Woehler's work was realized. In February, 1854, Henry
St. Claire DeviUe communicated to the French Academy
of Science the discovery of a new metal, obtained by
decomposing aluminium chloride with potassium, being

unaware that Woehler had already practically gone over

the whole of this work nine years previously, illustrating

how incomplete at that date was the intercommunication

of scientific ideas in Europe. The publication of this

paper created considerable interest in Paris, and the great

importance of the discovery was at once reahzed. Deville,

aided by the support of the Academy and of the Emperor
Napoleon, who personally interested himself in the dis-

covery, again set to work ; and a few weeks later was
able to announce that he had succeeded in isolating

aluminium by the electrolysis of the fused chloride, and
accompanied the communication with the first piece of

aluminium foil which had ever been prepared. Almost
simultaneously Bunsen, in Germany, published an inde-

pendent account of the decomposition of aluminium
chloride by means of an electric current. The new metal

was thus prepared by two distinct processes : and it is only

due to the fact that, as the methods for the production

of electrical energy on a large scale at that time were

practically unknown, the chemical process for the isolation

of aluminium became the only one which was used com-
mercially until the last ten years. Deville himself fully

realized that the electrolytic process was destined to be

the future commercial one, but found it necessary to devote

his attention to cheapening the production of sodium for

use in the chemical method of extraction, which, owing to

its lower specific gravity, he thought was a more suitable

metal to employ than potassium. His improvements in

the manufacture of sodium resulted in its price falUng

from two thousand francs per kilo in 1855 to ten francs

per kilo in 1858. At the same time Deville investigated

the distribution of the metal in nature, with the view to

the production of compounds of alimiinium in as pure a

state as possible, and thus created the cryolite and beauxite

industries. Deville's sodium process was adopted in 1856

by a company which erected works at Amferville. near

Eouen, and in 1857 fresh works were completed at

Nanterre and Glaciere, the former being subsequently

transferred to Salindre. The first aluminium works in

this country were opened by F. W. Gerhard, in 185'.t, at

Battersea, and in 1860 Messrs. Bell Brothers began the

manufacture of aluminium at Xewcastle-on-Tjme, which

was continued there until ls74.

Although the chemical process for the manufacture of

aluminium was thus the only one adopted at this period

for its commercial production, the electrolytic method was
slowly being elaborated at the hands of Le Chatelier,

Moiicton, Gaudin, K;i;,'enbusch, Derthaut, and other

chemists; and in ls80, when Siemens invented the electric

furnace which bears his name, it was soon seen that the

alternative process would eventually replace the purely

chemical one. The first commercial attempt to produce

aluminium by means of electrolysis belongs to Messrs.

K. H. and A. H. Cowles, of Ohio, whose process was tried

for some years at Milton, in Stafl'ordshire, and these works

have quite recently been acquired by the British Aluminium
Company. The Cowles process has, however, been over-

shadowed by the later invention of another American,

Ch. II. Hall, whose ideas have been adopted on a most

extensive scale by the Pittsbumh Keduction Company,

at Niagara. P-y these last two improvements the

manufacture of aluminium attains its mature stage of

development.

Before discussing these processes at any length it may
be of interest to briefly state some of the chemical and
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physical properties of this element, and the native mate-
rials from which it is produced.

Aluminium is one of the most widely distributed of the

chemical elements, but, owing to its strong affinity for

oxygen, is never found in the free state, but exists in the

form of alumina—its only oxide, Al.jOj, which, combined
with silica and the alkaline oxides in various proportions,

forms ihe chief constituents of most rocks. Boauxite, a

hydrated oxide of aluminium, and cryolite, a double fluoride

of aluminium and sodium, also exist native in considerable

quantities, and being comparatively free from impurities

form the more usual source of the metal at the present

time. Large deposits of beauxite are found in France

—

chiefly near the town of Beaux in Styria, in Wocheim,
iiud in various places in the North of Ireland; and last year

a large factory was erected at Lame for the purpose of

purifying the beauxite derived from the Antrim mines

before shipment to Scotland. Cryolite exists in almost

inexhaustible quantities on the west coast of Greenland,

and is shijiped from there to the principal aluminium pro-

ducing centres.

Metallic aluminium has a beautiful white silver lustre,

which becomes especially apparent when held against a

polished silver plate, as the latter is then seen to have a

distinct yellow colour. When impure, aluminium has a

grey or bluish colour, the latter being caused by the pre-

sence of silicon. A dull matt surface can be obtained by

washing the metal in a solution of caustic soda, and then,

after being washed with cold water, dipping the plate in a

bath of nitric acid.

It is ductile, malleable, very sonorous, and a good con-

ductor of heat and electricity. It is as light as

glass or porcelain, having a specific gravity of

2-56. It melts at about 700° C, and is not

appreciably volatile. The metal is not readily

oxidized, and is permanent in air, wet or dry,

and, when pure, is not acted upon by water, even

at a red heat. Sulphuric and nitric acids in

the cold attack it slowly, but hydrochloric acid,

especially if warm, dissolves it readily. The purer

the metal the less easily is it attacked by acids, but

alkalies have a very energetic action on the metal,

evolving hydrogen and forming aluminates.

The question as to its behaviour towards

organic acids, such as are to be found in wine
and beer, has been carefully studied on behalf of

the German army ; but it would seem that they

have no effect upon the metal when it is free

from impurities and sodium chloride. It easily

alloys with other metals, and many of its alloys

are of greater utility than the metal itself.

Amongst these alloys must be especially men-
tioned the aluminium copper alloy (which, under
the name of alummium bronze, has been in use

for a great number of years), and the newer
alloys, woUaminium and romauium, which owe
their remarkable physical properties to the pre-

sence of tungsten. The mechanical properties

ot aluminium are very remarkable. Its modulus
of elasticity is ten thousand ; its range of elas-

ticity high, a bar being capable of being stretched

one two-hundrtdihs of its length before breaking.

Its tensile strength is about twelve tons per

square inch, and the tenacity of a wire of

0-145 millimetres section has been found to be
about twenty-six pounds. The length of a bar capable of

supporting its own weight is 23-040 feet, i.e., equal to that

of ordinary steel and more than double that of bronze.

{To be continued.)

WAVES.-IV.
SHIP WAVES, AND THE SOLITAEY WAVE.

By Vaughan Cornish, M.Sc.

OUR knowledge of ship waves and of the solitary

wave is largely based upon the researches of

William Froude, .John Scott Eussell, and Lord
Kelvin, and their treatment of the subject forms

the groundwork of the present article.

When a ship moves through the water, pressure is

greatest at bow and stern and least at the sides. The
surface of the water accordingly rises at bow and stern

and sinks down at the sides, so that the difi'erences of

level balance the ditl'erences of pressure created by the

motion of the ship. Thus a moving ship is accompanied
by waves. Three principal factors determine the form
and character of these waves, namely : first, the motion of

the ship ; secondly, the motion of each wave formed by the

ship ; and, thirdly, the transmission of energy by these

waves. As explained in the last article, the energy is

transmitted at half the velocity of the wave, consequently

a ijroup of waves is formed. In the front of the group the

waves continually die out as the energy falls behind and
forsakes them ; and, conversely, in the rear of the group,

new waves are formed. Consequently, the rear of the

procession of waves falls further and further behind the

ship, and, as the ship is constantly adding new waves to

the front of the procession, the vessel is accompanied by
a lengthening track. As the energy of the wave motion
proceeds at only half the pace of the waves (which is also

FiQ. 1.—Steamer on Lake Como, showing Thwart-ship and Echelon Waves.

the pace of the ship), the rear of the procession moves at

one half the rate of the vessel. We have here two distinct

velocities : that of the tail, which is the group velocity, and
that of the head, which is the wave velocity. If we could
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observe and follow a particular wave crest in the rear of

the procession, we should see it advance throw/li the group,

and linally die out in front of the group. When a ship,

preferably a steamer, moves at a sutiicient speed through
smooth water, the group of waves is seen to have the form

shown in Fig. 1. Allowance must, of course, be made for

the fact that the vessel shown in the illustration is moving
in a curve. There are two sets of ship waves to be noticed,

the thwart-ship waves and the echelon waves. The former

are similar in appearance to a ground swell, with gently

rounded crest and trough ; they follow the ship at her own
speed (if that remain constant), and the length from crest

to crest is the length proper to a free wave travelling with

this velocity. Thus, if the vessel be going at six knots,

the wave-length is twenty feet ; at ten knots it is fifty-six

feet ; at twenty knots, two hundred and twenty-three feet

;

and at thirty knots, five hundred feet : the wave-length

being proportional to the square of the velocity. The
front of the advancing thwart waves is bent in a curve, of

which the radius increases as the waves travel on, the

crests flattening out as the curve expands. It will be

noticed that there is thus a great similarity between the

thwart waves and the waves which spring out from the

spot where a stone is thrown into a pond. If the motion
of the vessel were suddenly stopped, the thwart waves
would, of course, travel on ahead of the ship.

The extremities of the thwart waves seem to rest, as it

were, upon the echelon waves. These are very difl'erent

in character from the thwart waves, being steep and
lumpy. They are the waves which form the lateral

boundaries of the group, and by which small craft are

often swamped. If we observe the echelon waves from
their origin at the bow of a vessel, we find that each

wave crest has no great extension from end to end, and
that they ai-e stepped back one behind the other. Each
crest tapers off somewhat from the middle towards the

ends, which overlap the next preceding and following crests.

Thus the echelon wave pattern does not, as a careless

observer might suppose, have a continuous front shaped
like a long fish-head. The falling behind of the energy
prevents this, the crest continually dying out in front and
a new crest forming behind. The distance between the

crests of the echelon waves is that proper to so much of

the ship's forward motion as is in the direction of advance
of the waves. This is a small fraction of her speed ; and

Fio. 2.—Diagram showing the enclosing angle of a Ship's Track.

the wave-length being proportional to the sijuare of velocity,

we find the crests of the echelon waves from steamers to

have generally a length of not more than, say, two feet

from crest to crest.

The outline of the whole wave pattern is the same
whatever be the speed of the ship. Thus, let a circle be

drawn (Fig. 2), and a diameter A B be produced to a point

C, such that the length B C is equal to the diameter A B.
From C let tangents be drawn to the circle. Then if C
be the bow of the ship, the whole pattern wLU be included
within the tangents drawn from C.

Hitherto we have spoken only of the waves originating

from the bow of the ship, but at the stern also the
pressure of the water reaches a maximum ; there is a

hump of water near the stern as well as near the bow, and
from the stern there originates a wave pattern similar to

that from the bow. The two systems of echelon waves are
fairly easy to discriminate, but the two systems of thwart
waves are very often undistinguishable from one another.
Sometimes, however, if the ship have a long parallel-sided

middle body, the thwart waves due to the entrance or bow
part have flattened out so much before the run, or stern

part, of the ship is reached, that the series of thwart waves
due to the stern part can be separately distinguished.

The steam-tugs which ply upon the Thames at London
give a fine display of ship waves, especially when going at

full speed without any barges in tow. At such times the
water rises almost to the level of the deck at bow and
stern, while amidships the sides are visible much below the
water line. Standing upon one of the bridges one may
look down upon the conspicuous echelon waves which form
a long track behind the vessels, and which sometimes are
of such height and power that they send a surf flying over
the landing piers. The thwart waves, with their greater

length and gentler slope, are less easy to observe at a
distance from the vessel. I have found the steamboat
pier near Westminster Bridge a good post for the observa-
tion of these waves. After a tug has passed under an arch
of the bridge the thwart waves may be seen in profile

against the sides of the arch, and their forward motion can
stiU be watched when the vessel has gone nearly a quarter
of a mile upon her course. Thwart waves may also be
well seen in profile against the side of a long steamer in

motion, as is shown in our illustration in the March
number of IVNOwLEnoE (page 54).

If the length of a vessel be known, her speed may be
calculated from observation of the length between the
crests of the thwart waves as shown by her wave profile.

This follows from the connection between wave-length and
velocity, the length being proportional to the square of

the velocity. If at any particular velocity the wave-length
be such that the crest of the wave formed by the entrance
of the ship coincides with the crest of the wave formed by
the run, or stern part, this velocity is unfavourable to the
ship, owing to the great amount of the ship's power which
is expended in wave-making. On the other hand, a
velocity such that the crest of the wave due to the bow
coincides with the trough of a wave due to the stem is a
favourable velocity, since the two sets of waves tend to

annul each other, the wave-making resistance being thereby
diminished. For this reason a curve showing the total

resistance experienced by a vessel at different speeds has a
series of humps and hollows, depending upon the periodic

variation in the wave-making resistance. Again, if a ship

be designed for a certain speed, it is advisable that her
length should bo such that the crests of bow waves and
stern waves should not coincide. As far as the skin

resistance is concerned it is said to be best for a ship to be

all entrance and run, with no parallel-sided middle portion;

but the parallel middle body is an advantage where
increase of length is required to prevent coalescence of the

two wave systems.

Ducks when swimming show the echelon waves beauti-

fully (Fig. ;i), and there are no better places to see " duck
waves " than the Serpentine and the water in St. -Tames's

Park. To got a good general view of the whole track of
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waves my favourite post of observation is the bridge near

the Magazine ; whilst for a near view, and to observe the

"wave profile" of the duck, I prefer to walk by the edge

of the water in St. James's I'ark, where one is sure to be

Fig. 3.—Ducks swimming, showing Echelon Waves.

accompanied at one's own pace by a duck on the look-out

for food, the ducks in St. James's Park being both tamer
and greedier than those of the Serpentine. The wavelets
or ripples which form a fringe in front of the bow wave
should be noticed ; also the rise of water at chest and tail

and its sinking " amidships " when the duck darts forward
for a piece of bread. Very pretty also is the interlacing

of the wave tracks when a whole fleet of ducks moves off

together, especially when the sun is low and the slanting

rays give lights and shadows to the waves.
In canals, the heavily-laden barges dragged by horses

move too slowly to generate a system of waves ; but when
there is steam navigation upon a canal, or when Hghter
boats travel more quickly than the laden barges, a train of

waves may be seen to follow the vessel. With higher
speeds the wave-length increases, and the disturbance due
to an even moderate velocity reaches the bottom of the
canal. The surface particles can then no longer swing
freely in a circular orbit, for they feel the effect of the
bottom, communicated through the water particles which
swing in their respective orbits at intermediate depths. As
the motion of the swinging particles departs more and
more from the original circular, uniform movement, the
rear of the procession of waves travels at a rate more
nearly equal to that of the boat. This is due to the fact

that, as the motion of the swinging particles increases in a
horizontal direction relatively to the vertical motion, the
proportion of the energy of motion which is handed on at

each swing is increased. When the wave-length has
increased until the vertical motion of the swinging particles

is very small in comparision with the horizontal motion,
practically the whole of the energy is transmitted. For a
canal of any given depth there is a particular wave velocity

corresponding to this condition. If by any means there
be instituted a train of waves following one another with
this velocity there will be no lengthening out of the train

of waves, for the energy does not fall behind the wave, but
is transmitted with the velocity of the wave itself. Each
wave crest travels on with undiminished height, except for

the inevitable loss of energy which takes place through
friction. Such a wave is termed a s(dit<inj wave, because it

is capable of existing by itself without giving rise to a

group of waves. When the critical velocity has been

reached there is no distinction between the group velocity

and the wave velocity. Perhaps it would be more correct

to say that when the critical velocity is reached there is no
such thing as a group of waves, since each single impulse
creates only a single wave ; and if a number of such waves
be created by a succej;sion of impulses each wave remains
" solitary," for it neither parts with nor does it receive

energy to or from the following or preceding waves.

To return to our canal boat. As the velocity is increased

the rear of the group of waves moves more and more
nearly at the rate of the boat itself. At a greater velocity

the boat is followed by a shorter train of higher waves.
At the critical velocity the wave created by the bow of the

boat moves along with the boat ; the energy of the wave
does not fall behind so as to create a train of waves, and
if the boat continue to move at the proper speed no new
waves are formed. This fact was discovered many years

ago, on the Glasgow and Ardrossan C'anal, through the

accident of a horse taking fright and bolting with a light

canal boat in tow. When the horse galloped off with the

boat it was observed that the foaming surge which used to

devastate the banks had ceased, and that the vessel was
carried on through comparatively smooth water witli <i

greatly diminislud resistance. The value of the discovery

was at once perceived, and fly-boats, as they were called,

were introduced upon the canal for the rapid conveyance
of passengers. The boat, which was drawn by a pair of

horses, was started slowly : at a given signal it was by a

sudden jerk drawn up onto the top of the bow wave ; and
the horses were then kept at a trot or gallop, going from
seven to nine miles an hour, the boat riding smoothly
and easily upon a lump or hillock of water. Wave-
making resistance was done away with ; the horses had
only to overcome skin resistance. After the critical

velocity has been attained the only thing like a wave
which is to be seen is the solitary hump or hillock of water
upon which the boat rides. If the boat be stopped this

hillock of water travels on as a free wave. Mr. Scott

Russell has described the occurrence as follows :
—" When

the boat stopped . . . the mass of water . . .

accumulated round the prow of the vessel in a state of

violent agitation ; then suddenly leaving it behind rolled

forward with great velocity, assuming the form of a solitary

elevation—a rounded, smooth, and well-defined heap of

water, which continued its course along the channel
apparently without change of form or diminution of speed.

I followed it on horseback and overtook it rolling on at a

rate of some eight or nine miles an hour, preserving its

original figure, some thirty feet long and a foot to a foot

and a half in height. Its height gradually diminished,

and after a chase of one or two miles I lost it in the

windings of the channel."

This is the free solitary wave, which is most generally

known in the form of the low, foaming ridge which slides

in upon a flat beach after the bursting of a breaker, as

shown in our illustration in the February number of

Knowledge. Here, by the shore, may be seen the more
rapid progress of the solitary wave in deeper water, for the

hinder ridges are constantly catching up those in front,

which are in shallower water.

It remains to explain why the critical velocity of a

canal boat depends upon the depth of the canal, being

greater for greater depths. The change from oscillating

wave to solitary wave depends upon the change from a

circular swing of the water to a backward and forward
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swing with very little vertical raotion. The disturbance of

the water in the case of an oscillating wave reaches to a

depth of, say, one wave-length. It is true that the surface

particles do not descend in thr-ir swing to a depth of more
than, say, one-tenth of this distance ; but each swinging

surface particle puts in motion a particle beneath it, so

that below any point of the surface there is a vertical

column of swinging particles, the amplitude of swing

diminishing rapidly with the depth. A certain depth,

about equal to the length from crest to crest, is therefore

necessary for the free motion of a typical deep-water wave,

in which the swing is circular and in which the energy

advances at half the velocity of the wave. When the

depth of water is much less than the wave-length corre-

sponding to a certain velocity, a boat moving at that

velocity will no longer generate a circular swing in the

water ; the bottom of the canal interferes with the vertical

component of the swing, much as a 'vertical breakwater

annuls the horizontal component when it converts a

travelling wave into a stationary wave. (See Knowledge for

February.) Under these conditions almost the whole of

the swing is horizontally backwards and forwards, very

little vertical motion remaining. The moving hillock of

water, which is the visible thing about the transmission of a

solitary wave, travels along the surface of the canal, the

actual particles of water in the hillock constantly changing

the while, for the march of the hiUock is a true wave
progression effected by transmission rather than trans-

lation. The hillock will have vanished from over section

A (Fig. 4), and will surmount the section B, when a

quantity of water equal to that con-

tained in the hillock has passed from
section A to section B. The rate at

which this will be effected depends
upon two things—the difference of

pressure and the cross section.

Now, as the hillock extends across

the canal we need not concern our-

selves about the width of section,

but only about its depth. The given

difference of pressure will effect the

transference of a given bulk of water
across each unit section in each unit

of time, and, therefore, as the depth
of the section is increased the given bulk of water will be
more quickly transferred from section to section. Hence
the relation between the depth of the canal and the velocity

of the solitary wave. Following this principle, a short

mathematical investigation shows that the (horizontal)

velocity of a free solitary wave in a canal is equal to the
(vertical) velocity which a body would acquire when falling

freely in air through a distance equal to half the depth of

the canal. Thus, for example, if the depth be eight feet,

the velocity of the solitary wave is eleven miles per hour.
This is the velocity of free propagation of any loiif/ uavi',

such as the tide wave, in which the motion of the water
particle is mainly horizontal, and in which the water is

equally disturbed throughout its whole depth. To the
subject of the Tide Wave we return in our nest article.

B

. FlO. 4.—The Propa-
gation of tlie Solitary

Ware.

Noticfs of JSoolts.

An Exercise Book of FAementary Practical Physics. By
R. A. Gregory, F.R.A.S., Oxford University Extension
Lecturer. This is quite an elementary book, and must be
intended for very small boys. It is, moreover, said to be
arranged according to the syllabus of the Headmasters'
Association. The plan may appeal to some, but it seems

rather suggestive of cramming. Why is it thought neces-

sary to perpetuate the obsolete phraseology of antiquated

test-books on mechanics, which treated " power " and
" weight " as things of the same character, and confounded
" force " and " pressure "'

?

The Cambridge Natural History. Peripatus, Myrinpods,

Insects. By A. Sedgwick, M.A., F.R.S. ; F. G. Sinclair,

M.A. ; and Dr. David Sharp, M.A., F.R.S. (MacmiUan.)
Illustrated. 17s.

Of the five hundred and eighty-four pages in this new
volume of the " Cambridge Natural History," only twenty-

four are devoted to an account of Peripatus by Mr. Sedgwick,

and fifty-one to Mr. Sinclair's essay on Myriapods, the

remainder being taken up with the first part of an original

and strikingly attractive description of insects.

Peripatus is interesting because it is a kind of half-way
animal between the Arthropoda and Annelida, though it

really belongs to the former group, and only possesses

Annelidan aflinities. Mr. Sedgwick is a distinguished

authority upon the genus he describes, and his brief essay

on the features, habits, anatomy, development, and distri-

bution of it is clear though necessarily special.

Mr. Sinclair's article on the Mi/riapoda is a valuable

summary of the natural history of this group. The
classification adopted is that of Koch, with two orders

added, viz., Symphyla and Pauropoda. After describing the

general characteristics of the whole group the distinctive

features of each of the orders are studied, the account con-

cluding with sections on the embryology and palreontology

of Myriapods.

Dr. Sharp's work on insects is a masterpiece, as valuable

to zoologists as it is to entomologists. The part now
given includes the Aptera, Orthoptera, Xeumptera, and a
portion of Hymenoptera. It is full so far as it goes, trust-

worthy, interesting, and in every respect satisfactory, and
ranks high among the best literature of the subject ever

published. Every naturalist, and everyone interested m
natural history, should strive to add Dr. Sharp's work to

their libraries.

The volume is well printed and excellently illustrated,

and is a worthy addition to what will undoubtedly become
a standard series.

The Oriyin of Plant Structures by Self-adaptation to the

Environment. By the Rev. George Henslow, M.A., etc.

(Kegan Paul.) 5s. This seventy-seventh volume of the

"International Scientific Series" carries on the argument set

forth by the author Ln a work published in the same series

in 1888. The Darwinian hypothesis assumes (erroneously,

j
according to Prof. Henslow) that plants, when they vary,

j

do so indefinitely in nature, and that the variations which
i
are of service under any particular environment survive

and are perpetuated, so that natural selection and heredity

may eventually lead to the production of new species.

Prof. Henslow denies that natural selection plays any part

in the origin of species. He holds that a change of

environment induces a plant to form definite and not
indefinite variations in nature, which are, therefore, always
in the direction of adaptation to the surrounding circum-

stances of life. Environment in its widest sense, and
" the responsive power of protoplasm." are thus held to be

the causes of adaptive variations in plants, and natural

selection is put out of court. In the present volume this

view is applied to account for the origin of vegetative

structures, as it was used in the former one to that of

floral structures. The cases studied by the author to show
that definite variations are produced by the responsive

action of the protoplasm in various species of plants, called

into play by the external forces of the environment, are
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desert plants, alpine and arctic plants, maritime and saline

plants, phanerogamovis aquatic plants, subterranean struc-

tures, climbing stems, and leaves. A wealth of facts with

reference to the structural peculiarities of these plants are

described and explained from Prof. Ilenslow's point of view.

The argument is always ingenious and often convincing,

and, though we are not iuflined to accept it in its entirety,

we regard it as alYording a strong c-ise against natural

selection. Bat whether Prof. Ilenslow's views are accepted

or not, we cordially commend his book to all who study

the biology of plants.

lli'porl of the Total Eclipse of the Sun, observed at Mina
Bfonccs, Chile, o)i April 16th, 1S93. By J. M. Schaeberle

(University of California). Illustrated. The excellent

results obtained by Prof. Schaeberle during the total solar

eclipse of April, 1893, and the fact that a large number of

astronomers are making preparations to observe the eclipse

which will happen next August, makes this volume a very

valuable one, published at an appropriate time. The
volume contains a narrative of the expedition, reports of

individual observers, several good illustrations of the

corona reproduced from photographs, and a discussion

of the results by Prof. Schaeberle. It will be remembered
that the attention of the expedition was entirely devoted to

the corona, so the discussion is practically limited to

coronal structure. In a " Mechanical Theory of the

Corona," put forward by Prof. Schaeberle in 1890, it was
suggested that all the coronal matter was ejected in

streams normal to the sun's surface, and that the various

appearances presented by the corona during different

eclipses were produced by differences in the terrestrial

point of view. This theory has, however, been slightly

modified in order to accommodate it to the facts revealed

by the photographs of 1893, and Prof. Schaeberle now
concludes that " all true stream lines can be made to

coincide with elliptical arcs having one focus at the sun's

centre, the origin of the streams being, in the main,
confined to the spot-zone regions." Contrary to the

opinion of many solar physicists, he thinks that neither

electricity nor magnetism have anything to do with the

arrangenient of coronal matter in the sun's neighbour-

hood ; indeed, if all the stream-lines have the foi'm which
Prof. Schaeberle describes in the foregoing extract, it is

unnecessary to introduce electrical and ma,t,'netic forces to

account for them. How far the views will stand the test

of future knowledge is not for us to decide, but at any rate

they help to direct attention to the structure of the sun's

surroundings, and so assist in the advancement of solar

physics.

The Afironautical Annual. Edited by James Means.
(Clark & Co., Washington Street, Boston.) One dollar,

post free. The general public, as well as literary men,
leader writers, and even some scientific people, entertain

very vague and erroneous ideas as to the results likely to

arise when man has succeeded in navigating the air.

To all such we would strongly recommend a careful

perusal of Mr. Means' new annual for 189G. In this

volume (the second annual) Mr. Means has most indus-

triously brought into notice the result of a year's work,

and has produced a very instructive and readable book.

Under twenty-one separate headings, with sixteen well-

executed plates (including an excellent likeness of Mr.

Octave Chanute) and numerous woodcuts, the subjects are

rendered very clear for the reader. M. Lilienthal con-

tributes some novelties in his particular department of

flight ; Mr. j\Iaxim treats of the allied subjects of

natural and artificial llight ; Mr. Chanute takes up the

subject of saihng ilight. Prof. Pickering takes up the

subject of bird soaring, Mr. Herring dynamic flight, and Mr.
Lawrence llotch the relation of the wind to aeronautics.
Not the least interesting portions of the book are those in

which various kinds of kites are well described and
illustrated. Wliile the annual proves that real progi-ess

is being made, it also shows that very much remains to
be accomplished before iurial (light can be rendered
practical ; and those who look up )n it as a mere instru-

ment of war will have to wait a vary long tinn.

SHORT NOTICES.

The llixfon/ of JIabi/luina. }'•} tlic late George Smith. Edited and
l)r.>uj;lit up to date by Rev. A. II. Sayee. (Soeioty for rromotin;;
I'liristian Knowledge.) Zf. A valuable liandbook lor f.ludents.

It possesses a list of Babylonian kings with their approximate dates,

and has a useful index.

Frail Cliihlren of Ihe Air. By Samuel Hubbard Scudder. (Boston:
Houghton, Milllin", & Co.) Illustrated. SI Me. In this book a
number of interesting facts in relation to butterdies, and especially

American species, are discussed and explained. The book is free from
technicalities, and will be valued by all amateur entomologists.

Popular Iteadini/f: in S.'ieiire. By John Gall, M.A., and David
Robertson, M.A. 2nd I'^dition. (Constable.) 4s. A number of

subjects of fundamental importance in science are treated of in a
fairly popular way in this volume, and we would recommend it to

those who wisli to gaiu a general knowledge of important scientific

subjects.

T/ie Climates of t/ie Oeoloffical Past, and their relation to the

JSrolitfion of fhf Sun. By Eug. Dubois. (SwanSonnenschcin.) 3s. 6d.

This is a translation of a treat;ise in German and an essay in Dutch,
purposing to explain the climatic changes of past ages by changes of

tlie solar heat.

Aniiitaire Asfronomique et Mtteorolopique pour 189G. Par Caraille

Flammarion. (Paris: Plon, Nourrit.) Illustrated. If. 25e. Contains
a description of everv celestial jihenomenon observed during the year
1895.

Mechanics. Hy/lrostatics. By R. T. Glazebrook, M.A., F.R S.

(Cambridge University Press.) Is an excellent elementary text-book,

and will be found of great use for colleges and schools, since it deals

both practically and theoretically with the subject.

The Koh-i-Nur Diamond. By Edwin W. Strecter. (Bell & Sons.)

Illustrated. Contains an interesting description of this celebrated

diamond and its history, and also of the Pitt diamond.

The Stori/ of the Earth in Past Affes. By H. G. Seelcy, F.R.S.

(Ncwnes.) Illustrated. Is. This little book, which is a wonderful
production for the price, deals pleasantly and plainly with many facts

in connection with the earth in the geological pasr.

Weather and Disease. By Alex. B. MacDowall, MA. (Graphotone
Co.) Is a very interesting compilation, illustrating by means of curves

the history of the variations of weather and disease in recent years.

It will furnish useful data for comparison and study to those interested

in the subject.

Ah Introduction to Chemical Cri/slallographii. By Andreas Fock.
Translated from the German and edited by W. J. Pope. Is so arranged
that tlie twenty-five brief chapters each elucid.ate a single idea, and
Mr. Pope's excellent translation and revision will bring it witliin the

reach of university and other students.

"VVe liavc lately received a number of new catalogues, all excellent

in their way, from different makers of scientific instruments.

The cliief features in Messrs. Newton's, Messrs. York & Son's, and
Messrs. Wilson's catalogues are their gigantic lists of magic-lantern

slides, comprising series of almost every subject of scientific interest.

Mr. J. II. Steward has issued a pamphlet entitled " How to Assist the

Sight," which admirably explains the uses of spectacles and eyeglasses

of every kind. Messrs. Ross & Co. have several novelties in their

catalogue, amongst which we might mention their new Ec'ijise

microscope and new Science lantern, the former a» an excellent cheap

microscope and the latter as a very complete and perfect lantern.

Messrs. Home & Thornthwaite's astronomical instruments range

from the plain and inexpensive to the high class and perfect. Messrs.

Banks & Co.'s catalogue contains an excellent list of astronomical

instruments suitable for amateurs, and that of Messrs. Steinheil Sohne
a number of binoculars and telescopes. Messrs. Thornton-Pickard

have also sent ns a catalogue, the illustrations in which prove the

efllciency of their shutters.
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BOOKS RECEIVED.

ByDiscoveries and Intentions of the Xineteenth Centura/.

B. Koutledge, B.Sc. 11th Edition. (Routledge.) Illustrated

Outdoor Life in England. By Major A. T. Fisher. (Bentlev.)

British Mo'thi. By J. W. Tutt, F.E.S. (Kentledge.) Illustrated. 5?.

Moorland Idyls. By Grant Allen. (Chatto & Windus.) 6s.

0» Seedlings. By Sir John Lubbock. International Scientific

Series. (Kegan Paul.) Illustrated. 5s.

A Child's Historic of Scotland. By Hrs. Oliphant. (Fisher

TJnwin.) 2s. 6d.

Segniiis Irritant ; or, Eight Primitive Folk-lore Stories. Bv
W. W. Strickland. (Forder.) Illustrated.

The Xeiv Photography. V,y A. B. Chatwood. (Downey.) Illus-

trated. Is.

Sctenw Notts.

At a recent meeting of the Royal Geographical Society,

Mr. Clements R. Markham being in the chair, Dr. H. R.
Mill read a paper on " A proposed Geographical Description

of the British Islands, based on the Ordnance Survey.''

In the course of an interesting and comprehensive address

the lecturer advocated the preparation of a complete geo-

graphical description of the British Islands, somewhat
upon the lines laid down by him recently in our columns.
(Knowledge for January, lb96.) In the discussion which
followed, Sir Charles Wilson and Colonel Farquharson
both commended the project, while Mr. Clements Markham
looked upon the matter as one of the greatest importance,

and undertook to recommend to his Council that the work
should be carried out under the Society's auspices. We
may mention that Dr. Mill has promised to continue the

discussion of the project in our columns a little later on.

At the observatory of the Pic du Midi the zodiacal light is

always visible on clear moonless nights, and E. Marchand
has, during the last three years, made careful observations

upon it. It is not confined to a fusiform ret,'ion in the neigh-

bourhood of the sun, but continues that region right across

the sky as a faintly luminous track, always dimmer than
the Milky Way at its dimmest. The cosmic matter
surrounding the sun extends far beyond the earth's orbit

in a very much flattened ellipsoid, but is especially con-

densed in the neighbourhood of the sun, and forms there

the more brightly luminous fusiform zodiacal light a3

usually seen in the morning or evening.

Hetttrs.

[The Editors do not hold themselves responsible for the opinions or
statements of correspondents.]

THE BED SPOT OX JUPITER.

To the Editors of Knowledge.

Sirs,—I have jast been reading the interesting article

on the " Red Spot on Jupiter," by Mr. Maunder, in the
January number of Knowledge. There is necessarily a

great deal of mystery as to the nature of the spot ; never-

theless I cannot help thinking that it actually acts in the

same way as, and has some analogy to, an island in a river.

The following rough diagram may make this plainer.

Here A is the S. equatorial belt, the material of the

southern portion of which rotates at approximately the same
rate as the red spot ; B is the S. temperate belt ; C is the

red spot or island. The whole of the surface material in

the zone E, between A and B (and also for some distance

south of B), drifts past the red spot in the direction of the

arrows with a velocity of sixteen miles per hour. (This

is Zone "VIII. of my paper on the drift of the surface

material of Jupiter in different latitudes, in the January
number of the ^lonthhj Xotkfs.)

When the white material in the zone E encounters the

red spot or island C, it meets with an insurmountable

obstacle, and is obliged to force a passage round C, which
it does chiefly on the north side by forcing the south

equatorial belt A northwards. A portion of the white
material also usually passes in the narrow channel on the

south side of the spot.

The reason why the main channel lies on the north
side of the spot would appear to be because the material is

in a more plastic state near the equator than it is nearer

the poles. (This is also indicated by the well-known fact

that the equatorial parts of the planet are the chief seat

of disturbance and change, and the region of greatest

spottedness.) So that there is less diflSculty in forcing A
northwards than B southwards.

Here comes an important point. The channels north

and south of the red spot are together narrower than the

main channel E following the spot. The effect of this

to cause the white material to be heaped up in the region

SiMSS^M^B

The fifth annual report of the Society for the Protection

of Birds, which has been sent to us by the hon. secretary,

is a very satisfactory one. It shows that the Society is

increasing and that it is doing really good work, not only

in promoting bird protection, but in spreading a knowledge
of bird life by lectures illustrated with lantern slides. By
thus interesting and educating the public in bird:?, the

Society will be better able to put an end to the destruction

of our feathered friends than by mere legislation

.

Jmt following the spot, and also in the channels north and
south of the latter ; and these regions therefore appear
whiter than the average, owing to the greater depth of
white material, thus producing the bright annulus en-
circling the red spot. In the region just preceding the
latter, the meeting of the two currents causes eddying and
commotion of the white material before it finally flows off

along the now broad channel E preceding the spot. The
result of this eddying and commotion is to make appear
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here the bright indefinito patch (part of the annulus)

usually visible, oven when the rest of the annulus is com-
paratively inconspicuous.

You will see that this theory seems to account for :

—

(1) The apparent repulsion of the S. equatorial belt,

resulting in the great bay opposite the red spot ; (2) the

well-known shoulder following the latter ; (8) the bright

annulus surrounding the red spot
; (4) the bright patch

(forming part of the annulus) usually visible at the
preceding end of the spot ; (5) the broad bright channel
always seen separating the spot from the S. equatorial

belt. And all this in the simplest way possible.

It is true that I cannot imagine what kind of a con-

stitution the red spot can have to act as such a substantial

obstacle, and yet to drift about as it has done. Neverthe-
less it seems to me that the foregoing is worth suggesting

as a working hypothesis, especially since there appears to

be no theory which is not open to serious objections.

Until lately 1 was a little doubtful whether the white
material in the channel north of the spot does move in

accordance with the above hypothesis, but according to a

letter just received from Herr Brenner, of the Manora
Observatory, there appears to be no doubt of this.

A. Stanley Willums.

MIRA CETI.

To the Editors of Kno\\'ledge.

Sirs,—Unfortunately the weather seems to have hin-

dered the observation of this star for a week in the early

part of January, and I only know of a few observations of

it made afterwards until the middle of that month.
On the 9th I compared the brightness of Mira with that

of S Ceti, and the former appeared to have the benefit in a
slight degree. This would make its magnitude not much
above the fourth order, at which it was placed by Mr.
David Flanery on January 8th.

On January 10th I again observed the star, and placed
its magnitude at nearly that of y Ceti, there appearing to

have been a rise of almost half a magnitude in the
twenty-four hours.

A few dull evenings then intervened until the 15th,

when I could find no appreciable difference between Mira
and y Ceti, although on the 19th the latter seemed to me
to be very slightly the brighter.

From that date I have made very few observations
of Mira under favourable conditions, but at the end
of February no remarkable decrease in its magnitude
was noticed.

Exeter. W. E. Besley.

PEXTACLE PrZZLE.

To the Editors of Knowledge.

Sirs,—I owe an explanation to the readers of my letter

(Knowledge for March, p. 63), which perhaps led some to

think I had actually solved the problem myself, whereas
it was simply tentative. But I fear the problem is

insolvable in its complex statement, and perhaps also in

the simple statement touching the summations of the five

lines only.

I would suggest that possibly the law may be that such
results occur only when the lines of the figure chosen are

parallel.

I find further that this problem goes very much on the
same lines as the endeavour to find exact relations between
the radius and the periphery of a circle.

Brighton. I. G. Ouseley.

[Note.—It has been pointed out by several corre-

spondents that the sum of the numbers 1 to 10 being 55,

which is indivisible by 8, the sum of any five of the
numbers cannot be double or half the sum of the remaining
five ; and since in the problem the five external numbers
are to count double the five internal numbers, the problem
is insolvable.

—

Eds.] —*--,

—

ZODIACAL LIGHT (?).

To the Editors of Knowledge.

Sirs,—I venture to write you respecting an unusual
phenomenon witnessed by myself on the outskirts of this

town on the evening of March 4th. Happening to look

westwards I saw a solitary bright streak of light (in width
apparently about 5°) issuing from behind a dark cloud on
the W.N.W. horizon, and stretching almost half-way to

the zenith.

This was at 8.39, and it remained very bright for three

minutes (so bright, in fact, that a light cloud passing over

it did not entirely hide it from view), when it gradually

faded away to a glimmer, and in ten minutes no trace was
to be seen.

Both sides of the streak were well defined, and were
parallel to one another throughout the whole length. It

attracted the attention of all passers by, who stopped to

look at it, and were asking what it could be. Was this

the zodiacal light '? If so, it was very bright, and was
hardly at all inclined to the horizon. It was certainly not

caused by any terrestrial agency.

Shrewsbury. W. Lyon Browne, Jun.

" 20" PUZZLE.

Note.—We are informed that the publication in our
columns of possible solutions of this clever puzzle con-

stitutes an infringement of the copyright ; we therefore

willingly express our regret to Messrs. T. Ordish and Co.,

99, Fore Street, London, E.C. (Publishers), and also to

Messrs. Joseph Wood Horsfield & Co., of Dewsbury, the

proprietors of the puzzle, for any infringement of their

patent or copyright inadvertently committed in the pages

of Knowledge.

PLINY AND CUVIER.

By E. Wai.ter Maunder, F.E.A.S.

THE two lunar photographs which we reproduce in

the present number of Knowledge are, like those

which we gave in Jr.ne, 1895, from enlargements

by Dr. Weinek of a photograph taken by MM.
Loewy and Puiseux with the large equatorial coude

of the Paris Observatory on March 14th, 1894. Dr.

Weinek's photographs were on a scale of four metres to

the lunar diameter, a magnification of 28 -36 times linear.

The present reproductions are on a scale of 2-9 metres to

the lunar diameter.

The two districts shown are sharply contrasted in charac-

ter. The left-hand picture shows the borderland between

two of the principal waria or grey plains— the Mare
Tranquillitatis and the Mare Serenitatis—and shows a

countiy mostly open, and but little diversified or broken

up. i'he one on the right hand, on the contrary, is taken

from far within the great disturbed region of the Moon
which has its centre in Nasireddin, a region strewn with

crater-pits and full of overlapping and interlaced forma-

tions.

The object occupying the centre of the first picture is
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Plinius, a fine terraced'ring-plain some thirty-two miles in

diameter, whicb, on a smaller scale, bears much the same
relation to the chief "seas" in the western hemisphere

that the superb formation Copernicus does to those in the

eastern. Both, completely ramparted rings of especially

massive construction, appear to be strategically placed so

as to dominate the approach to the neighbouring plains

;

and Mr. Elger, in^his

recent and valuable

work on the Moon,
is led to speal; of

Pliny as reminding

him "of a great
fortress or redoubt

erected to command
the passage between

the Mare Tranquilli-

tatis and the Mare
Serenitatis." The
rampart of Pliny is

not, however, raised

to any great height

above the surround-

ing country, though
its highest point,
clearly seen on the

photograph on the

east wall of the ring,

rises some six thou-

sand four hundred
feet above the floor of

the interior ; which
is thus considerably

depressed below the

level of the general

surface in the
neighbourhood. The
floor of the interior

words. The photograph does not, however, reach as far

as this innermost region, and. the dark grey margin is

alone shown.

The only two other prominent features of the photo-

graph are the two smaller ring-plains Koss and Dawes,

which, following out the military metaphor, stand as

outworks of Plinius to prevent its being outflanked by an

Key Map of Plinius and Curier and Licetus.

is broken up by many hillocks, and two bright hUls of very

considerable height occupy the centre. They are distinctly

shown in the photograph. The southern side of the

wall slopes very gradually down to the plain outside,

forming an extended glacis some ten or twelve miles

broad.

To the east of Pliny a bright mountainous region is

seen—the last ridges of the Haemus Mountains, one of the

four great ranges which shut in the Mare Serenitatis, and
render it the most sharply outlined of all the lunar man'a.

These mountains terminate in a great headland nearly

five thousand feet high, the Promontorium Acherusia, on
the northern slope of which four deep craters are very

plainly seen.

North of Plinius a broad " riU " or cleft is seen on the

photograph, starting,' from amongst the Hsemus Mountains,
close under the southern slope of the great headland just

mentioned, and running ri^ht across the photograph to

Dawes, a bright ring-plain on the western edge of the

photograph. Further north lies a second cleft inclined

at a small angle to the first ; whilst between the two, but

not to be discerned on the photograph, is a thurd—faint,

small, and difficult.

These rills mark the frontier line of the two great maria—
the more southern one. the "Tranquillity." standing at the

higher level of the two, a gentle slope descending from it

towards the " Serenity." In the latter, " deep calls to

deep," for within a broad grey margin, itself lower than
the "Tranquillity," lies an inner "Serenity," deeper

still, some eighty thousand square miles in area, which
full of a fine, clear, light-green tint "—in Neville's

invader from the south. Dawes is remarkable for standing

on a broad circular platform of brighter material than the

surrounding country, a feature well shown in the photo-

graph.

The new objects revealed by the photograph are neither

large nor numerous, for this is an attractive region to the

selenographer, and it has been well and frequently explored.

But Dr. Weinek claims that the following new features are

shown :—
(a.) a double craterlet, shown as single and small by

Schmidt.
(B.) A set of two, or perhaps three, interlaced craterlets.

(c.) A small doubtful object, s. Plinius.

It is difficult, however, to bring out these minute details

in a photographic reproduction, which has itself been

copied from a copy from an enlargement.

The right-hand photograph, with its mass of detail and

intricate structure, is a great contrast to the simplicity of

arrangement of the Plinius region. In Licetus we have

not one ring-plain, but four, which, by mutual encroachment

the one on the other, and the consequent partial destruction

of the boundary walls, have been fused into one very

irregular walled plain. The principal member of the group

is <(, the one to the north. It is some fifty miles in diameter,

and is nearly circular in its real shape (it is, of course,

seen somewhat foreshortened). The highest peak of the

wall rises nearly thirteen thousand feet above the interior.

The other chief object shown in the photograph is Cuvier,

a fine walled plain of about the same diameter as Licetus a,

and walls of about the same elevation. For the minor

objects in the field the photograph itself will give more
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information than much verbal description. Dr. Weinek
notes no new objects here.

It may be added that this photograph slightly overlaps,

at its lower left-hand corner, that given of the district of

Maurolycus in Knowledgk for June, 1805.

THE SPECTRUM OF HELIUM.
By E. Walteii Maundkr, F.R.A.S.

THE first vague glimpse of the spectrum which has
won so much attention during the last twelve
months would appear to have been caught by
Prof. Magriui at Milan, during the total solar

eclipse of 1812, July 8th. A momentary glance

at the corona through a tlint-glass prism showed him three

vivid colours, the colours which, following Sir David
Brewster's theory, were then considered primary—red,

yellow, and blue. No notice seems to have been talsen of

the observation ; the observer himself seems to have laid

no stress upon it. Spectrum analysis had not then made
sufficient advance for it to be understood

; yet it was none
the less the first faint forecast of fuller observations to

come. It was the evidence, could it have been then inter-

preted, that the " red flames," so often noticed round the

dark moon in a solar eclipse, belonged truly to the sun
;

that they were gaseous in character ; and that amongst the

glowing gases which made them up, hydrogen, and a gas

at that time stranger to us, were the most abundant.
Twenty-six years after Prof. Magrini's observation, in

the celebrated eclipse of 18G8, August 18th, the same
three colours flashed out their light on the expectant
observers who, at Guntoor, Jamkandi, Masulipatam, and
Tenasserim, were watching the eclipse, armed not with
simple prisms merely, but with complete spectroscopes
attached to powerful equatorials. There is no need to quote
at length the accoimts which have been so often retold.

Suffice it—to take one observation amongst many—that
Captain Herschel, setting the slit of his spectroscope on a
brilliant prominence, needed but to give " a single glance,

and the problem was solved. Three vivid lines—red, orange,
blue ; no others, and no trace of a continuous spectrum."
The problem was solved— that is, so far as the question
was concerned that the prominences belonged to the sun,

and were gaseous in character. The nature of the gas was
a different matter, and here the evidence of the eclipse

itself was incomplete. M. Janssen was confident that
the red and blue lines were the lines of hydrogen ; other
observers thought it more or less probable ; most believed
the yellow line to belong to sodium : and so the matter
might have rested. But impressed with the extreme vivid-

ness of the prominence lines, Janssen resolved to look for

them after the eclipse was o\er, and was delighted to find

his anticipation realized, and that they could be seen in
full sunshine. Then it was an easy matter to establish
decisively the conclusion he had arrived at during the
eclipse, that several of the prominence lines were due to
hydrogen. But it became equally evident that the bright
yellow line was not coincident with either of the two dark
D lines due to sodium ; it was not, indeed, coincident with
loii/ dark line in the solar spectrum, and it lay further
towards the blue than D., by fully twice the distance that
separated the latter from its twm brother I)j.

At first the new line, Dj as it was called, was supposed
by many to be a line of hydrogen produced only under
conditions which we are not able to reproduce in the
laboratory. It was as constant a feature of the chromo-
spheric spectrum as the lines of hydrogen ; it rose to the
same height from the sun. But more careful scrutiny

showed tliat it did not by all means always respond to the

changes and displacements shown by C and F, the un-
doubted hydrogen lines ; and it was not long before it was
acknowledged to indicate the presence of a gas unknown to

us as yet hero, and on I'rankland's suggestion the name of
" helium " was assigned to it.

Again a little over twenty-six years passed by without
our knowledge of " helium " receiving any addition, until

Prof. Ramsay's discovery of it, just a year ago, in the gas

obtained from the mineral cleveite. The story of that

discovery, and of the researches into the properties of the

gas which Prof. Uarasay and other physicists lost no time
in instituting, has already been well told in the pages of

Knowledue by Dr. McGowan (September, 1895). The
story of the complete study of its spectrum is of fully equal

interest and is of more recent date. The romance of

helium is not completed even yet.

It will bo remembered that for a short time the identity

of the gas obtained from clcveite with true solar helium
was called in question. This was owing to the discovery

of Profs, liunge and Paschen, of Hanover," that the

bright yellow line from the new gas was not single (as the

D, line of the solar chromosphere was then supposed to be),

but double. Dr. McGowan has already described how the

observations of Dr. Iluggins and Prof. Hale speedily set

the question at rest by showing that the solar I);, was
double likewise, and so completely establishing Prof.

Ramsay's claim to have " run helium to earth."

But this discovery of Runge and Paschen was but an
incident of the work which they were carrying on with the

most powerful of spectroscopic appliances, and with the

utmost thoroughness and care. The spectroscope was one
of Rowland's concave gratings, with a radius of curvature

of over twenty-one feet, a ruled surface of six inches, and
ruled with twenty thousand lines to the inch. The
photographs taken with this instrument rendered it

possible to measure the wave-lengths of the lines in the

great majority of cases to the thousandth of a tenth-metre,

the errors of the determinations (due mainly to the

unsuitability of some of the reference lines for measure-

ments of such delicacy) lying for the most part in the

third decimal place.

!

In order to obtain the greatest possible brilliancy of

spectrum the vacuum-tube was used " end-on," an arrange

ment first employed to any great extent in this country by

Prof. Piazzi Smyth, then Astronomer Royal for Scotland.

By this arrangement, which necessitates a special form of

tube, the light from the entire length of the capillary

tube is concentrated on the slit instead of that from its

breadth only. The electrodes consisted of two clyinders of

aluminium foil, one in each of the two wide parts of the

tube, and pressing against two platinum wires, thus

allowing the capillary to be viewed end-on without inter-

ruption. The end of the tube nearest the slit of the

spectroscope was closed by a " window "—a flat piece of

glass, quartz, or fluor spar, according to the region of the

spectrum under study.

A further essential for the work, and one far more
difficult to secure, was the purity of the helium gas. The
chief impurity was hydrogen gas. The helmm was
prepared in the same way as it was originally discovered

by Prof. Ramsay, i.e., by boiling cleveite with diluted

sulphuric acid. This was then mixed with a large quantity

of oxygen, and sparked continuously for several days uatil

a whole day's sparking caused no farther contraction. The
o.'cygen was next absorbed, and the remaining gas stored in

* Siitnre of .June (ith, 189ij.

f Aslroplni-iienl Joiii-iinl, 189(i, Januarv.
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a vessel provided with stopcocks, so that a small quantity
could be drawn off from time to time in order to fill the
vacuum tubes. Tiie vacuum tubes were subjected to the
strictest discipline before the cleveite gas was admitted to

them, being completely exhausted, dried at (he air pump,
heated as strongly as they would bsar, and a strong induction

current passed through them; this treatmont being repeated
until the spectrum of hydrogen was no longer shown, or, if

shown, only feebly.

The results obtained were well worth all the trouble and
time expended so ungrudgingly on the preparation of the
tubes. The wave-lengths of the lines of heUum were
determined mainly by the measurement of photographs,
the lines of sodium which were g'ven by the vacuum tube
itself when the glass got sufficiently heated, and those of

iron from a pair of electrodes placed close to the slit, being
the chief points of reference.

The spectrum of the gas from cleveite, as worked out at

fullest detail iu this most thorough and painstaking manner,
proved at first sight one of great irregularity, and had its

hydrogen, now known as Hi, B.3, and HJ, and which give

rise to the three Fraunhofer lines C, F, and h, were respec-

tively the twentieth, twenty-seventh, and thirty-second
harmonics of a fundamental vibration whose wave-length
in vacuo was 0-131'27714 of a millimetre. But the third

line of hydrogen, H-/,—" near G," or G', as it is generally
called,—had no place in this arrangement, and attempts to

fit similar formula? to other spectra ended only in dis-

appointment.

At that time our knowledge of the hydrogen spectrum

—

which, as one of the simplest of all spectra, and as given
by the lightest of gases, appeared specially marked out for

this investigation^did not ascend beyond the violet. The
"deep things out of darkness" which the unseen recrions

of the ultra-violet were to yield were not then disclosed.

But when Dr. Huggins' photographs of stellar spectra*

-

revealed the long series of lines in the ultra-^•iolet in stars

of the first type, it became an almost irresistible inference

that these were the completion of the hydrogen spectrum.
They made, with the four lines which we knew of old, a

"1—

r

?;«'

JiY-DKO C^J^.
3.'o'

/./ TH I UM
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Thia discovery was closely followed by several similar

ones. 1\I. Cornu, early in 1HS4,'- announced with regard

to the three great bands of the solar spectrum, A, B, and

I>, that the telluric lines of the last named " form two

unequal series of double lines, whose channelled appearance

immediately recalls that of the telluric groups A and !> ;

"

that the three bands may be looked upon as forming three

harmonic groups analogous to the triplets of magnesium
and zinc ; and that the reciprocals of the wavelengths of

the homologous lines of the three groups are very nearly

in arithmetical progression. A year or so later Prof.

Rowland commenced his study of the same bands, and not

only confirmed Cornu's observation of their resemblance,

but also found that the lines of each band showed an

approximation to the same type of structure which Prof.

A. Herschcl had remarked in the green carbonic oxide

band. But as the lines did not form a series rigidly

consider the reciprocals—that is, the number of vibrations.

Each spectrum is seen to be made up of several series i

lines, each of which may be represented with great accuracy

by the formula
^ — A _ _
K~ ~ n" n*

where X is the wave-length ; A, B, and C are three con-

stants ; and n stands for the aeries of numbers from « = 3

upwards."
It will at once be seen that Balmer's formula is only

a special case of the above in which C = 0. And it will

also be seen that as M increases, so , tends to approach A,

which, accordingly, gives the value of the asymptote of the

series. The constant B is ncnrli/ the same for all spectra,

whilst the constant C gives the rate of convergence.

The spectra of the alkalies, however, exhibited other

?>
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the same limit. The same is the case -with sodium and
potassium ; but wliilst the lines of lithium are single those

of sodium and potassium are double, and the successive

doublet intervals are al-s\-ays the same. We might there-

fore express the case a little dift'erently by saying that

sodium and potassium each give two pairs of subordinate

series, and that the one series of each pair is displaced

throughout as compared with its companion series by a

constant oscUlation-frequency.* And, further, this con-

stant difl'erence is the same as that sho-wn by the two
components of the first doublet of the principal series.

The accompanying diagrams will exhibit the character

of these relations for the spectra of lithium and sodium
better than much verbal explanation. In the first diagram
the upper line for lithium and sodium shows the complete

spectrum of the element ; its analysis into principal and
first and second subordinate series is shown below. The
second diagram corresponds to that given by ^Ir. llanyard

for hydrogen in the paper referred to above, and is intended

to show the convergence curves of the different series. In

each case the scale adopted is one of oscillation-frequencies

to the metre. Doublets are shown throughout as single

lines, the scale of the diagrams not permitting them to be

shown as distinct pairs. ]

* Prof. Hartley had sliown that this relation held good fo>: the

triplets of niaguesiimi, oadmiuia, and zinc as early as 18S2 {Joiirn.

Chemical Sociely, 1882 and 1883).

t The constants given for these spectra by Profs. Kayser and Runge
are as fallows (Ahh. der Kgl. Freuss. Aktnl. dcr Whsen., Berlin,

1890) :—

Lithium

—

Principal Series

Subordinate ,, I.

„ II.

Sodium—
Principal Series

Subordinate ,,

A „ B , C .

4-35193 X 10 1-12186 x 10 9-069 x 10
2-858674 1-096255 1-847

2-866669 122391 231700

I. a.

I. b.

II. a.

II. b.

4149634
2-454912
2-456583

2-447534

2 449484

1-27040
1-20726
1-20715

1-10065

1-10153

843-841

197-891

197-935
4- 148
3-487

The lines in the two spectra are as follows :

—

Lithium.

Wave-lengths expressed in tenth-metres.

n
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those of the subordinate series, and -which extends to

shorter wave-leugtbs."

Elsewhere they write :"—" There is no instance of an
element whose spectrum contains two pairs of series

ending at the same place. This suggested to us the idea

that the two pairs of series belonged to different ilemonts.

. . . . We therefore believe the gas in clrveite to

consist of two, and not more than two constituents.

We propose to call only one of the constituents

helium—the one to which the bright yellow double
line " (D3) " belongs, whose spectrum altogether

is the stronger one—while the other constituent

ought to receive a new name."
A very suitable name has been accordingly pro-

posed by Dr. .Tohnstone Stoney, and the second
element in clcveite gas is nowknownas "parlielium."
Further evidence that " helium " aud ''parhelium

"

are really two distinct elements must form tbe

subject of another paper, in which it will also be
possible to glance at their different astronomical
relationships.

seldom more than ten feet in girth. It is extremely hardy
and a rapid grower (especially the weeping variety), but does
not live to a very great age. One of the finest birches in
Scotland is represented in Fig. 1. It is about seventy feet

in height, with a girth of eleven feet four inches, and was
planted about seventy years ago on the banks of " bonnie
Doon."

THE BIRCH.

By George Paxton.

" Most beautiful

Of forest trees, the Lady of the Woods."

WELL does the birch {Betula alba) deserve
to be called "Queen of the Forest"
and " Lady of the Woods." No tree

is more generally admired on the
ground of its own intrinsic beauty :

the favourite of poet, painter, aud all lovers of
nature. It matters not whether it be seen in a
London square. Highland glen, or Lowland pasture;
the eye is at once arrested by its light and graceful
elegance.

But perhaps all the beauties of a well-grown birch
are best brought out when the tree happens to be
of the weeping variety, growing beside aud over-
hanging still water. Then note and admire its

silvery stem, graceful drooping branches, and light

fragrant foliage, perhaps lit up by tbe rays of the
setting sun into festoons of pure gold ; the water
below reversing and doubling all ! Thus seen, on a quiet
autumn evening, the birch forms a picture that will linger
in the memory—" a thing of beauty and a joy for ever."
With the poet Burns the birch, or birk, as he called it,

was chief favourite among trees, being mentioned in his
works no less than thirteen times. In the noblest and
most pathetic of all his poems, " To Mary in Heaven,"
the place of last parting is described

—

" O'erhung with wild woods thiek'ning green
;

The fragrant bircli, and hawthorn hoar
Twin'd amorous round tlie raptur'd scene."

Again he goes to meet his " ain kind dearie "

—

" Down by the burn, where seented birks
\Vi' dew are hanging clear. . . ."

The birch is found in all the colder regions of Europe,
Asia, and America. It is common in this country, and a
true native of the British Isles. It is very abundant
throughout the whole of Eussia, and in Greenland it is

said to be " the only tree;" but there it is much diminished
in size, owing to the coldness of the chmate. In Britain
it grows to a height of about fifty feet, with a trunk

* Nature, Sept. 26lh, 1895,

near tlie "Auld J3ri'' o' Doon.'

The tree is known at first sight by its silvery bark, small
leaves, and light and graceful form. The leaves are ovate,
and unequally serrated. (Fig. 2.) The flowers, in the
form of drooping catkins, appear in April and May.
The fragrance to which reference has been made comes

from a kind of resin which exudes from the leaves and
young twigs, especially after rain or heavy dew. The
wood of the birch is tough, but not very durable. It is

used for making spoons and shoes chiefly in Russia, and
in France and Germany for carriage construction,
especially for the felloes of the wheels ; but its principal
use is for gunpowder charcoal. Tbe bark is remarkable
for its durability ; it is almost indestructible, and will

remain quite fresh long after the wood it has encircled
has rotted away. The ancient inhabitants of Britain
took advantage of this peculiarity and built their canoes
of birch-bark ; remains of these canoes have been
frequently dug up from the gravel banks of the River Clyde.
In Canada, birch-bark canoes are still used ; they are made
from a species known as the canoe or paper birch.

Portions of the smooth bark, ten to twelve feet long, are
stripped from the tree, stitched together with fibre, and the
seams coated with resin, thus making a very light boat.
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It is said one calculated to hold four persons weighs only

fifty pounds. An oil distilled from the bark is much used

in Eussia for tanning the finer kinds of leather ; this oil

not only preserves the leather and prevents it from getting

mouldy, but also imparts that agreeable odour characteristic

of Russia leather.

Fi&. 2.—Leaves of Birch.

The sweet watery sap with which this tree abounds, and
which will flow freely if a notch be made through the bark
in spring, was formerly much valued for its supposed

medicinal -sirtues ; it was also fermented into a kind of beer

or wine, which is still done in some parts of Sweden. The
tree not only supplies beer and wine, but also tea, the young
eaves being sometimes used in Finland for this purpose.

But the uses to which the birch has been put may be

said to be almost too numerous to mention. According to

Loudon, the Highlanders made evenjthinii of it :
—" They

build their houses, make their beds, chairs, tables, dishes,

spoons, construct their mills, make their carts, ploughs,

harrows, gates and fences, and even manufacture ropes

of it. The branches are employed as fuel in the distillation

of whiskey ; the spray is used for smoking hams and her-

rings, for which last purpose it is preferred to every other

kind of wood. The bark is used for tanning leather, and
sometimes, when dried and twisted into a rope, for candles.

The spray is used for thatching houses, and, when dried in

summer with the leaves on, makes a good bed where heather

is scarce." We suspect the absence of better wood had not

a little to do with many of these uses.

The tree is most liable to a disease produced by a very

minute gall-mite, which attacks the young buds and causes

them to grow into a large mass of twigs like an old rook's

nest ; these are known as witch-knots or witches' brooms.

GREEK VASES.-II.*

1

-VASES OF THE PRIMITIVE PERIOD, TO
600 B.C.

By H. B. Walters, M.A., F.S.A.

N this article we shall trace the history of the ceramic
art in Greece from its earliest beginnings down to the

time when it may be said to have passed out of the

primitive period, and to be beginning to take high
rank as a decorative art. A rough limit of demar-

The first article appeared in the February number of KxcWLBDOS.

cation between this period and that discussed under the

heading B is the introduction of mythological subjects,

and, from a technical point of view, the adoption of certain

processes for enhancing the effects of an otherwise simple

style of decoration. It will be the purpose of this article

to show how this development is attained.

The earUest vases that have been discovered on Greek

soil are represented by the finds of Dr. Scbliemann at

Hissarlik, the supposed site of the ancient Troy. These vases

are of a very rude type, and must belong to a very primi-

tive civilization. The forms are very varied, but suggest

rather experiments on the part of the potter than a

fixed number of types, each for a different purpose. We
note in the so-called " owl vases," which are roughly

manufactured into the form of that bird, a first attempt

to establish, in the analogy between a vase and a Uving

thing, a principle of design and decoration (on which

principle we speak of the " mouth," " body," " foot," etc.,

of a vase). The Hissarlik vases are hand-made, and

fired to a dull black colour ; they are never painted, but

patterns are occasionally scratched upon them.

The products of the Island of Santorin (the ancient

Thera) and of the neighbouring islands of the Archipelago

are of a more developed kind. These vases have been

found beneath a stratum of lava, the result of a great

volcanic eruption, which, on geological evidence, is sup-

posed to have taken place between 2000 and 1800 b.c; and

there is no doubt they were made from local clay. The
most notable feature in this ware is that for the first time

we have 'vases painted with vegetable patterns and figures

of animals. This is in

itself a very great and
remarkable advance.

The colours are applied

with a brush, and two
tones — a yellowish

white and a brown^
are employed.

The vases of Thera
supply a natural point

of transition to the

second great stage of

early art represented

by the Mycensan ware.

Spread over virtually

the whole of the

ancient classical world

there has been found

a class of pottery more
or less uniform in

technique and orna-

mentation. In the first

instance the discovery

of vases of this class

had been confined to

the islands of the

^Egean Sea, more
especially Rhodes and
Crete, and they had
attracted com-
paratively little notice from arch;i>ologists. But the exca-

vations of Dr. Schliemann on the Acropolis of Mycena-

from 187G onwards, together with results obtained near

Athens and from other parts of Greece proper, have

brought about a great change in this respect. In the tombs

of Mycena' large quantities of vases have been found with

the same characteristics as those previously found in the

islands. The special interest which they have evoked is

due to the fact that they are, with some show of probability,

E*
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regarded as representing the age of Agamemnon and other

legendary Greek lierocs, the seat of whose pow:r was iit

Mycen.T ; and if tliis be so, it would place thmi in the
twelfth and thirteenth centuries n.c.

This Mycenipan ware is probably Greek, but shows
traces of Egyptian and Asiatic influence ; moreover the
subjects of the painted vases are largely drawn from
marine objects, a point from which it may bo inferred that

they are the products of a seafaring people, which would
also be implied by the remarkable number of dili'erent sites

on which they have been found, all on or near the coast of

the Mediterranean.

The Mycen.ian vases are remarkable for the introduction
of lustrous colours, a new factor in vase-painting, and to

all intents peculiar to Greek ceramics. Hitherto the colours

used were dull and opaque, or what is technically known
as nxttt : now the pigments more resemble varnish from
their thick and lustrous character. The painting is in all

shades of yellow, brown, or black, on a polished warm
yellow surface. The shapes are highly characteristic,

especially a tall, graceful, two-handled goblet (.s«r Fit;. 2
in the February article), and a jar with spout and small
mouth, over which a bow-shaped handle passes, so as
to close it up ; this latter form is known as a " false

amphora," and it was probably used for oil. A third form
is a large capacious owl on a high stem, with two or three
side-handles.

On the tall goblets we almost invariably find a cuttle-

fish depicted. Seaweed and shellfish are very common,
especially on the Rhodian specimens ; and the British

Museum possesses a unique specimen with a nautilus,

found in Egypt. The special feature of these subjects is,

however, the extraordinary naturalism which prevads.
On the other hand, with the human figure this is not

the case ; it is true that such subjects seldom occur on
the Mycena9an vases, but when they do it is with all the

Fro. 2.—Large Vase (Lebes) of Plialeron Style. From Athens.

characteristics of archaic rudeness and simplicity. This
is only in accordance with a universal principle in Greek
vase-painting, by which the mastery is first obtained

over vegetable forms, next in the rendering of the lower

animals, and it is not till the perfect development of

art that the human figure is represented with absolute

accuracy.

It should be noted that much of the ornamentation of

these vases is influenced by the conventional decoration of

metal-work ; this is especially the case witli those found at

Mycemc itself, and it must be remembered that this was
an art in which these people pre-eminently excelled

;

moreover, it is an influence that makes itself felt through-
out the whole history of Greek ceramics.

We must now turn aside to consider the products of an
island which plays a remarkable part in the history of

(ireek ceramics, namely, Cyprus. Although the fabrics

of this island are to a great extent rather Phoenician

than Greek, it is yet impossible to disregard them in

the consideration of a history of Greek pottery. The
earliest examples of pottery found in the island are

the products of the indigenous Greek people before the

Phoenicians invaded the island. The vases are covered

with a vitreous slip and baked to a lustrous red, and
are ornamented with patterns of lines incised with a

knife. Other vases are made of fine grey clay, and orna-

mented with applique work, or moulded into all kinds of

fancy shapes. No bronze objects have been found with

these, but stone spindle-whorls and similar articles.

Coming down to a somewhat later period, we have the

tombs which belong to the Mycenaean age, and the

beginning of the bronze age in Cyprus. The native

pottery found in these tombs is often an imitation of the

imported Mycenfean fabrics. Many genuine Mycensean
vases have also been found in these tombs, the " false

amphora" described above being remarkably common, and
a small class of unique interest, of which two examples

have lately been excavated for the British Museum ; these

are large two-handled jars with figures of men and women
in chariots, which hitherto have only been found in

Cyprus—and, in fact, there are barely

half a dozen in existence. The two
aforesaid vases were found on the site

of the ancient city of Curium, of which
we have a record in a passage of the

geographer Strabo, that it was founded
by the Argives, i.e., the people of Argos
in Greece, which at that time was
closely connected with the Mycensean
civilization.

The next event of importance in the
history of Cyprus was the advent of the

Phcenicians, from which time onwards
there is a great change in the style of

the pottery. The tombs of this period

contain many vases with geometrical

decoration, corresponding to a develop-

ment in Greece proper which we shall

shortly discuss ; and in the subjects

we see a very marked Assyrian and
Egyptian influence. From the former
are derived figures of strange monsters
and fantastic deities, while from the

latter come such motives as lotos-

flowers and aquatic birds. (See Fig. 1

in the February article).

Returning now to the mainland of

Greece, we find Athens for the first

time coming to the front and laying the foundations

of the great reputation which, in later times, left her

mistress of the field in the production of ceramic

masterpieces. The period we have to deal with is that
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of the Geometric vases (or Dipylon, as they are some-

times called, from the fact that most of them were found

near the old Athenian gate of that name). It is, of course,

a retrograde step on the Myceniean fabrics, as may be

easily seen by a comparison of the drawing on the examples

of each style.

The Geometrical vases fall into three easily-distinguished

classes, showing a gradual development in range of subjects.

In the first class the decoration is purely geometrical,

consisting of such patterns as lozenge and chequer, spirals,

the typical Greek masander and key patterns, and rows of

Vandykes or wavy lines (Fig. 1). Simple as the scheme
of ornamentation is, many of these vases are very effective.

In the next stage, panels are introduced containing figures

of horses, deer, and swans and other birds. Vases of this

class are generally found in Bwotia. In the third class a

remarkable advance is made, and scenes from daily life are

introduced, such as funeral processions and sea-fights.

The human figures are extremely rude and conventional,

and the effect is much marred by the prevalent practice of

filling up every available space by ornamentation of some
kind. Early Greek painters had a strange horror of leaving

any part of a vase undecorated. These vases are of great

size, and were mostly found in the ancient Athenian
burying ground, just outside the Dipylon gate ; they had
been placed on tombs as memorials. It is possible that

these representations of the cult of the dead derived their

origin from Egypt, where paintings of this kind were so

universal ; in any case they imply the possession by the

artist of an unexpected power of conception, though the

execution falls far short of it. The technique is very similar

to that of the Mycenfe ware. The figures are generally

painted in lustrous black on a prepared ground, varying

from stone colour to deep red. The favourite shape is that

of a large jar on a high stem, with two comparatively

small side-handles.

The great expansion of Hellenic life in the seventh

century B.C., by extended commerce and colonization,

placed the Greeks in continuous and intimate relations

with all their neighbours. The result of this, as far as vase-

painting is concerned, is seen in the new impulse given to

the art by Oriental influences. Egypt opened her ports for

the first time to foreign ships under the twenty-sixth

dynasty (600-530 b.c), and also stocked her armies with
foreign mercenaries ; while the same period saw the founda-
tion of Ionian settlements at Naucratis and other places in

the Delta. Nor must we forget the various products of

Phoenician and Lydian craftsmen with which extended
commerce had rendered the Greeks familiar, and we shall

see how great an influence the metal-work of the former,

and the textile fabrics of the latter, had on the ceramic
products of the succeeding period in Greece.

In a small class of vases known as the Phaleron style,

because found at Phaleron near Athens, new features are

introduced, especially in the employment and treatment of

new animal types, based in design and grouping on Oriental

models. The only features of the Geometric style retained

are small fragments of ornament employed for filling the
field of the vase. (Fig. 2.)

Even stronger was the influence at work in the islands

of the .Egean Sea, especially in Melos and Eliodes.

Although the Melian ware is later in development than the

Ehodian, it must be taken first owing to its close connec-
tion with the Dipylon style. Only a very few of the Melian
vases are in existence, but these are of unique importance.
They possess many features hitherto unknown, and show
a great advance in drawing and composition. The admix-
ture of Oriental style and design is especially obvious,
but the most remarkable advance is shown in the employ-

ment of a purple pigment, laid on the black in places in

order to enhance the effect. This is the first instance of a

technical method which prevails in a varying degree

throughout the whole history of vase-painting.

In the Rhodian vases the tide of Orientalism swells into

full flood. While, under its influence, the painter evolved

an effective and beautiful system of ornamentation, the

potter condensed the earher multiplicity of forms to a few

simple and elegant types, of which the most characteristic

are the oinocho'e and the lanax or circular plaque. (Figs. 3

and 4.) The influence of metal-work is shown not only

in these forms, but also in schemes of decoration.

The influence of Assyrian and Lydian textUe fabrics,

again, gives the appearance of embroidery to the scheme of

design on many vases as seen in the rows of animals

Fio. 1.

—

Jug (Oinochof) of Geometric or Dipvlou Style.

From Athens.

placed in bands round the body, while the rosettes which
are introduced to fill the field are another result of the

same influence.

A new and characteristic development introduced by the
Hhodian potters is the practice of combining silhouette

with outline drawing, leaving parts of the figures in

groundcolour with a black contour. Further, the rod
clay is frequently covered with a cream-white engobe or

slip, which was found useful for indicating flesh-colour.

The subjects are drawn almost entirely from the animal
creation, especially goats and lions ; later vases admit
human figures and grotesque monsters such as the Sphinx.
Among the latter, one vase stands out conspicuous as

possessing a subject drawn from Greek legend, of which
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we give an illustration in Fig. 4. The scene represented

is a combat between Monelaos and Hector over the body

of Enphorbos, and the ligures are identified by the fact

that their names are inscribed over them in early Greek

letters. ]?y this means we are enabled to give the

approximate date of the vase as GOO ii.c. ; the lettering of

the inscription is that of the alphabet in use at Argos

at that time, but the style of the vase is undoubtedly

Rhodian, and we may suppose that it was painted in

Ehodes by an Argivo artist. The subject is derived from

an epic source, though it is not actually to be found in

Homer.
Closely linked in many respects with the vases of Rhodian

origin is a very interesting class which was first made
known by the labours of the Egypt Exploration Fund at

Naucratis, in the Egyptian Delta, in 1883-6. Pottery,

mostly fragmentary, was found in layers of different dates,

reaching from about G50 or GOO li.c. down to about 400,

and including specimens of most classes of Greek vases

during those periods. Thi.s variety is no doubt due to the

cosmopolitan character of a town like Naucratis, where
devotees from all parts would make their votive offerings

Fig. 4.—Plate (Pinax), with contest of Menelaos and Hector over

the body of Euphorbos. From Cameiros, Rhodes.

to Apollo or Aphrodite. Most of the fragments that have

been found bear dedications, incised after the firing, to

either of those deities.

Among all these classes of pottery one is marked off as

clearly a local fabric, and apparently dating from the

earliest days of the city (650-550 b.c.) ; it may therefore

be appropriately discussed here as belonging to the tran-

sition from period A to B. One fragment bears an inscrip-

tion " to Aphrodite in Naucratis," which was evidently

incised on the vase before, instead of after, the firing,

which is a proof of its manufacture on the spot. The
technique of this ware shows a great advance on that of

Ehodes ; the vases are covered with an opaque white
engobe or slip, on which the designs are painted in colours.

The same combination of outline and sUhouette drawing
which has been mentioned in connection with the Rhodian

pottery obtains here also. New colours, however, are intro-

duced—no doubt under the influence of the Egyptian wall-

paintings, especially a light sienna and an umber red.

It has been advanced by some authorities that the

practice of using a white ground for the decoration of

vases, in the form of a thick creamy engobe or slip, may
be traced to Naucratis for its origin ; but seeing how
universally this method of decoration has been employed
in all fabrics, not only of later date but in those contem-

poraneous with the Naucratis ware, the question cannot

as yet claim to be definitely decided.

In the next article we shall hope to trace the history of

vase-painting during the sixth century b.c.

THE FACE OF THE SKY FOR APRIL
By Hekbert Sadler, F.E.A.S.

SUNSPOTS and faculse show a marked decrease in

number and size. Conveniently observable minima
of Algol occur at lib. 38m. p.m. on the 9th and
8h. 28m. P.M. on the 12th.

Mercury is in superior conjunction with the Sun
on the 18th, and will not be visible till the last week in

April. On the 25th he sets at Hh. Gm. p.m., or 55m. after

the Sun, with a northern declination of 16° 48' and an
apparent diameter of 5\". On the 30th he sets at 8h. 47m.
after the Sun, with a northern declination of 20° 22', and
an apparent diameter of 5\". While visible he passes

from Aries into Taurus.

Venus is too close to the Sun to be observed, and Mars
is, for the purposes of the amateur, invisible.

Jupiter is an evening star, and is still a very fine object.

On the 1st he sets at 3h. 27m. a.m., with a northern

declination of 21° 2', and an apparent equatorial diameter

of 40*5". On the 10th he sets at 2h. 58m. a.m., with a

northern declination of 20° 57', and an apparent equatorial

diameter of 39'5". On the 20th he sets at 2h. 16m. a.m.,

with a northern declination of 20° 48', and an apparent

equatorial diameter of 88-8". On the 30th he sets at

Ih. 39m. A.M., with a northern declination of 20° 35', and
an apparent equatorial diameter of 37^''. While visible

he describes a short direct path in Cancer. The following

phenomena of the satellites occur before midnight on the

days named, while the planet is more than 8° above and
the Sun 8° below the horizon ;—On the 1st a transit egress

of the shadow of the second satellite at 9h. 36m. p.m. ; a

transit ingress of the first satellite at lOh. 31m. p.m., and
of its shadow at lib. 45m. p.m. On the 2nd an occulta-

tion disappearance of the first satellite at 7h. 41m. p.m.,

an occultation disappearance of the third satellite at

llh. 6m. P.M., an eclipse reappearance of the first satellite

at llh. 13m. 14s. p.m. On the 3rd a transit egress of the

shadow of the first satellite at 8h. 34m. p.m. On the 4th
a transit ingress of the fom'th satellite at lOh. 17m. p.m.

On the 6th a transit egress of the shadow of the third

satellite at 9h. 62m. p.m. On the 8th a transit ingress of

the shadow of the second satellite at 9h. 17m. p.m., and a

transit egress of the satellite itself at 9h. 48m. p.m. On
the 9th an occultation disappearance of the first satellite

at 9h. 85m. p.m. On the 10th a transit ingress of the

shadow of the first satelUte at 8h. 8m. p.m., a transit egress

of the satellite itself at 9h. 12m. p.m., and of its shadow at

lOh. 28m. p.m. On the 13th an ecUpse disappearance of

the fourth satelhte at 7h. 56m. 58s. p.m., a transit egress of

the third satellite at 8h. 39m. p.m., a transit ingress of the

shadow of the third satelUte at lOh. 10m. p.m. On the 15th

a transit ingress of the second satellite at 9h. 28m. p.m.,
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and a transit ingress of its shadow at llh. 55m. p.m. On
the 16th an occultation disappearance of the first sateUite

at llh. 29m. p.m. On the 17th a transit ingress of the

first satellite at 8h. 46m. p.m., an eclipse reappearance of

the second satellite at 9h. 10m. Sis. p.m., a transit ingress

of the shadow of the first satellite at lOh. 3m. p.m.

On the 18th an eclipse reappearance of the first satellite

at '.»h. 32m. 56s. p.m. On the 20th a transit ingress of

the third satellite at 8h. 50m. p.m. On the 21st a transit

egress of the fourth satellite at 8h. 35m. p.m. On the

24th a transit ingress of the first sateUite at lOh. llm.
P.M., and of its shadow at llh. 58m. p.m. On the 23th an
eclipse reappearance of the first satellite at llh. 28m. 25s.

P.M. On the 26th a transit egress of the shadow of the

first satellite at 8h. 17m. p.m.

Saturn is an evening star, rising on the 1st at Oh. 86m.
P.M., or about three hours after sunset, with a southern

declination of 14^ 50 , and an apparent equatorial diameter

of 9'7" (the major axis of the ring system being 43i" in

diameter, and the minor IO5"). On the 10th he rises at

8h. 52m. P.M., with a southern declination of 14- 39', and
an apparent equatorial diameter of ITj" (the major axis

of the ring system being 43i" in diameter, and the minor
lOi"). On the 20th he rises at 8h. 15m. p.m., with a

southern declination of 14 27', and an apparent equatorial

diameter of 17|". On the 30th he rises at 7h. 31m. p.m.,

with a southern declination of 14' 14', and an apparent
equatorial diameter of 17f". Titan is at its greatest

eastern elongation at Ih. a.m. on the 17th, and lapetus in

inferior conjunction at 4h. a.m. on the 14th. Saturn
describes a short retrograde path through a barren portion

of Libra.

Uranus is an evening star, with, unfortunately, great

southern declination. On the 1st he rises at lOh. 23m.
P.M., with a southern declination of 18° 30', and an apparent
diameter of 3-8'. On the 30th he rises at 8h. 18m. p.m.,

with a southern declination of 18° 15'. He describes a

short retrograde path in Libra.

Neptune has practically left us for the season.

Shooting stars are fairly plentiful in April, the best

marked shower being that of the Lyrids, with a radiant

point in R.A. 18h. + 33". The radiant point rises on the

evenings of the 19th and 20th, when the maximum occurs

at about 6h. 30m. p.m., and south at 4h. 8m. a.m.

The Moon enters her last quarter at Oh. 24m. a.m. on
the 5th ; is new at 4h. 23m. a.m. on the 13th ; enters her

first quarter at lOh. 47m. p.m. on the 20th ; and is full at

Ih. 47m. P.M. on the 27th. She is in apogee at 3h. a.m.

on the 11th (distance from the Earth, 252,500 miles), and
in perigee at Oh. a.m. on the 26th (distance from the

Earth, 223,320 mOes).

^fjrss Column.
By C. D. LocoGK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before
the 10th of each month.

If 1.

1.

1.

Solutio7is of March Pmblems.

No. 1.—(J. T. Blakemore.)

Key-move.—1. Q to R8.

. . K to B7, 2. Q to B3ch.

. . K to Q7, 2. Kt to B2disch, etc.

. . K to B5, 2. Q to B3ch, etc.

No. 2.— (C. D. Locock.)

P to B7, and mates next move.

Correct Solutions of both Problems received from
Alpha, .J. S. Orr, G. A. F. (Brentwood), Lionel Pfungst,

W. Willby, E. W. Brook. Of No. 2 only, from G. G.
Beazley, A. E. Whitehouse, W. M. A. E., W. F. H. Worsley-

Benison, .J. T. Blakemore, W. WUlby, E. W. Brook,
W. W. Strickland.

H. S. Brandreth.—Q to Q2 will not solve No. 2.

./. T. Blakemore.—Your problem was considered good
and difficult, especially in the continuations after the key.

A Norseman.—Thanks ; no time to examine this month.

W. TI'. Strkklanih—Many thanks for the book, and your
remarks on the Eight Queens Problem. Unfortunately

I am unable to find your postcard on the subject. I hope
to compare your theory with that of "A Norseman'' before

next month.

ir. M'iUhij.—The problem is a little too elementary con-

sidering the amount of force, the King's side pieces not
being titcessanj to the problem. Could you not improve it

greatly by removing the King's Rook and attendant Pawns,
shifting the position towards the centre, and adding, if

possible, one or two extra variations natural to the
position ?

The following curious problem is quoted from the
British Chess Magazine. The curiosity lies in the fact that

the solver who perceives the " idea " correctly will at first

be convinced that there is no possible key :

—

PROBLEM.

By C. A. Kennard.

Black (2).

« m

m gB;^ mm_

m. ill W/,
M^ W^ ^P 9/

B^^H.^H^ %m.

White (7).

White mates in three moves.

The following game was the first to be conclnded in the

Anglo-American Cable Match on March 13th. The notes

are quoted from the Daihj Ncicf:.

" Giuoco Piano
White.

(E. M. Jackson, London.) (U

1. P to K4
2. Kt to KB3
8. B to B4
4. P to Q3
5. P to B3
6. B to KB
7. QKt to Q2
8. Kt to Bl
9. Q to K2

10. Castles (c)

11. P to KR3

Blace.
Baird, U.S.A.)

P toK4
Kt to QB8
B toB4
P to Q3
Kt to B3

6. B to Kt3 (a)

7. Castles

8. P to KR3 (b)

9. R to Kl
10. Kt to QR4
11. KtxB

u.

1.

2.

8.

4.

5.



96 KNOWLEDGE [April 1, 1896.

12. PxKt
13. P to KKt4
14. Kt to Kt3
15. Kt to B5
16. KtPxB
17. QxB
18. QU to Ktl
19. P to KRl
20. P to R5
21. Kt to R4
22. R to Kt6 ('/)

23. R to Kt2
24. Kt to KtGch (/)

25. RPxP
26. PxKt
27. R (Rl) to Ktl
28. R to Kt6
29. Q to Kt3
30. P to BG
31. RxKtP
32. R to KtSch.

83. E to R8ch.

12. Q to K2
13. Kt to H'l

14. B to K3 (d)

15. BxKt
10. BxB
17. P to QKt3 (-)

18. K to Rl
19. RtoKKtl (/)

20. Q to Bl
21. R to Ktl
22. Q to Bl (h)

28. g to Ql
24. PxKt
25. Q to K2 (/.)

26. KR to KBl (/)

27. R toB2 (III)

28. QR to KBl (n)

29. P to QR3 (")

30. Rx P
81. E(B1) to B2
32. KxP
83. Resigns

Notes.

(n) B takes B is best.

(6) A weakening move. P to Q4 is better.

(i) The only way to get any advantage out oi the Giuoco

Piano is to Castle rapidly on the Queen's side, and follow

up with a King's side attack.

(il) Further waste of time. Black should have antici-

pated the King's side attack with such moves as B takes

B, followed by Kt to Kt4.

(e) Black does not make the best of a bad position. If

he wanted a counter-attack he should have played P to

QKt4, followed by P to QR3, obtaining open files for his

Rooks. The next move is meaningless.

(/) R to KKtl seldom turns out well ; it cramps the

King too much.

(;/) White makes the most of his opportunities, and

deserves great credit for his spirited play. E to Kt2 would

have served here equally well.

(/i) If Kt to Kt4, P to B6 follows. Q to Ql was a

better move than Q to Bl.

(/) White obviously had this move in contemplation for

some time ; it clears the way for the better operation of

his Rooks.

(A) Obviously if Knight play away, R takes Pch follows.

(l) If K takes P, 27. E to Kt6, Q to Bl {as White
threatened mate by R takes Pch), 28. P to B6 wins.

{»)) K takes P was not quite hopeless.

(«) K takes P was a better move. For if then 29. R to

El, Q to Bl ; or if 29. P to B6, R takes P, giving up the

Queen for two Rooks.

(o) Now he is hopeless and helpless. For if he plays K
takes P, P to B6, P takes P, R takes Pch, and mates next

move.

NOTICE.
A correspondent residing in London is desirous of

playing one or two games by correspondence with a strong

player. We shall be happy to forward him the address of

any of our readers who may be willing to oppose him.

CHESS INTELLIGENCE.

On March 13th and 14th a match was played by

Atlantic cable between selected teams representing the

British Isles and the United States respectively. The

contest was for a valuable silver trophy presented by Sir

(1. Newnes, Bart. Considerable care was taken in the

selection of the Ikitish team, a tournament being held

previously in order to decide one or two of the doubtful

places. In this tournament Messrs. Vj. 0. .Tones and
E. M. Jackson came out equal first, and failed to secure

any decisive result in playing off the tie.

Mr. .Jones was eventually chosen, but owing to ill-health

his place was finally filled by Mr. Jackson, who by his

brilliant victory quite justified his inclusion.

The ISritish team played at the Cannon Street Hotel,

the hours of play being from 3 to 7 and from 8 to 11.30

each day. At the end of the first day's play all the games
were adjourned, the positions on the whole being in favour

of Great Britain. On the following day the unexpected

happened ; Mr. Bird overlooked a simjile mate in two
moves, Mr. Mills unwisely consented to draw a game in

which he had winning chances, and Mr. Tinsley was out-

played in an even ending and finally lost. This was the

last game to be finished.

The following is the score :

—
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THE "WALKING" GOBY.
By Henry 0. Forbes, LL.D.,

Director of Mt(si-itms to the Corporation of Liverpool.

THE naturalist haunting at ebb tide the sca-shons
of the Indian or West African tropics, especially

where they are muddy, cannot fail to have hi^

attention arrested by a crowd of curious tadpole-

like creatures which stampede before him. He
will come upon them congregated together in largo num-
bers, sitting basking in the hot sun a few inches above

the water line, either on soft, muddy flats, or in the

mangrove swamps, where they seem to delight to sit upoii

the branching rool'< of those trees. On his approach, off

they will scamper at a headlong pace by frog-like leap.-),

some into the shallow water, others along the shore into

safe hiding. If he proceeds, however, very guardedly, he
may advance within a short distance of some of them ; he
will then perceive that, though enjoying themselves on land,

they are true fishes.

The species \a Perioplitloibdus Iwelrcuteri, the "hopping
fish" of the trader, one of the gobies ((iobiidn'). Their
tadpole-like look arises from their tapering tail and
curiously prominent eyes, which stand up high above the

level of the head. It is an elegant little beast, with skin

covered with minute scales, and its dorsal lius beautifully

spotted with bright blue. If the observer remain quite

still, the reriojihihalmux will sit motionless, staring at him
with its great eyes, except that every now and then it will

wink apparently, sometimes with one eye and sometimes

with both together. What seems to be winking, however, is

the inversion of the eye into a depression immediately under

it, for the purpose of lubricating the organ when it begins

to become dry. The habit that most impresses the

naturalist encountering these fishes for the first time is

the long period which they can remain out of the water.

The writer has timed individuals, both in their native state

and in the aquarium, to sit for more than half an hour
without a bath. They would then walk slowly into the

water, immerse themselves over the head for a second,

emerge and remain resting for a short time, with the

head and shoulders above and the mouth under the

surface, and walk slowly out again on to the margin.

This fish rarely, if ever, goes beyond its depth, and
only for a few seconds does it at any time completely

submerge itself. Their usual habit is to sit propped

up on their stiff ventral and strong pectoral fins, with

the fore part of the body elevated, and their quick

mobile eyes conspicuous and enquiring ; either, as already

remarked, entirely away from the water, or with only the

extremity of the tail dipping in. When out of the water

and sitting still the mouth is kept closed, and no motion

can be detected in the gills or gill- coverts. Every now
and then the eyes are moistened as descrilaed above, and
the fish flaps its pectoral fins across the gill-coverts and
the hind part of the head. When the tide hasjust receded

and the small marine animals are beginning to follow it,

they are very busy darting here and there in pursuit, and
gobbling them up voraciously. They will even attack and
eat smaller members of their own species.

reniijihtliiitmus loelreuleri.—Front view.

When movingforward they oar themselves on their strongly

muscular pectorals, which they use simultaneously when
hopping or alternately in their more deliberate "walking."

which leaves a curious triple track on the soft mud which

they have traversed. When in the water the Perioiiliihalmu.-i

sits on the bottom in the same attitude as on shore, with

its upper lip submerged, but with the rest of the head and

upper part of the back exposed, the water being driven

over its gills very slowly and deliberately as compared

with the common trout in an adjoining tank. Its eyes are

better adapted for sight out of tlian under water, and are

capable of seeing all round. They are amazingly quick :

the slightest wriggle of a worm or small crustacean, even

at several feet distance directly behind them, will be

instantly detected, and the creature at once pounced upon

—

often by more than one at once, in which case a battle

ensues, resulting frequently in each combatant carrying
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off a share of the prey. The precise structure of the

eyes of the " walkinj^' " goby is not yet known, though the

present writer hopes shortly to be able to give some
account of specimens wliich are now being prepared, and
are nearly ready, for histological examination. They
seem, however, to ditfer from the eyes of the Cyprinodont
Anahli'iis, in which the upper portion is adapted for vision

out of water and the lower for vision under water, the

fish swimming with the one half above and the other

beneath the surface.

The first specimens of PeriojihthalmxiK which have been
imported into i''urope were brought from West Africa a

few months back for the Liverpool Museum. They have
lived remarkably well in :i shallow salt-water tank, which
has been kept as evenly as possible at a temperature of

from seventy-five to eighty degrees Fahrenheit. Though on
their arrival they were extremely timid, they became after

a short time quite tame, and came to recognize the

attendant who fed them, eagerly watching for food on his

approach.

Professor Haddon, who studied this species in Australia,

being struck with the length of time these tishes could
remain out of water, and with the fact that many of them
sat by the margin of the sea with extremity of the tail

immersed, thought that perhaps this part of its body
served as a subsidiary organ of respiration. He accordingly

so obtained, the figures in Dr. Gunther's " Study of

Fishes," and in Mosoley's " Notes of a Naturalist on the
ChaUemjer" being drawn from spirit-preserved specimens.

reriuphtlialinus koelreuleri.—Side \iow.

made a series of experiments which he believes tends

to prove that the tail does assist in respiration. The
manner, however, in which the specimens in the aquarium
of the Liverpool Museum have been observed to sit on dry

land, under close scrutiny, for lengthy periods, distant from

the water, leads the writer to suspect that no aid can be

lent to respiration by the immersed portion of the tail.

The gill chambers are capacious, and it is probable that a

sufficient amount of water can be retained in them to

keep up respiration during their absence from the sea.

The Periophthabiius koelreuteri is widely distributed, being

found throughout the Indian and Melanesian seas and on

the west coast of Africa. It is absent, however, accord-

ing to Dr. Gunther, from the Eastern Pacific and from the

American side of the Atlantic. It is exceedingly nimble,

and can be captured only with the greatest difficulty;

and he who would succeed must count on being smeared
from his hat to his boots with evil-odoured mud.
The accompanying illustrations are reproduced from

photographs of the specimens in the Liverpool Museum,
taken directly from life while sitting out of the water.

They are, we believe, the only representations of this fish

ENGLISH COINS.-I.

By G. F. Hill, M.A.

THIS paper must begin with an apology for its title.

In the first phice, it deals briefly with a coinage

which existed in our country before the advent of

the English race; and, secondly, some notice must
be taken of the coinages of Scotland and Ireland.

In these, however, there is little to justify a longer title

than has been adopted.

The first coinage of I>ritain must be traced back to a

Greek original. In a previous paper" we saw that the

gold staters of Philip II. attained an extremely wide cur-

rency throughout the whole ancient world. It has been
proved by the chief authority on the subject. Sir .John

I'jvans,
I
that the most important type of the early gold

coins of Britain goes back to the stater of Philip. Greek
influence probably reached Britain through Gaul, and
the barbarous (iaulish imitations of Greek coins were
s'ill more barbarously and unintelligently imitated by

the Britons. As we
might expect, the

coinage of Britain

seems to have begun
in Kent, and spread

thence along the

southern and eastern

coasts, and to a cer-

tain extent into the

Midlands. If we
allow about a cen-

tury and a half from
the time of Philip

(who died inHSGB.c),

we may arrive at a

probable date for the

beginning of coinage

in Britain. The
plate (Figs. 1 and

2) shows two bar-

barous Gaulish copies

of Philip's coinage, and (Figs. 3 foil.) some specimens of

British money. Fig. 3 (from the south-eastern district)

is clearly derived from the Greek, but the charioteer has

been provided with wings. In barbarous hands the

tendency to reduce everything to mere ornament is

strong, and in Fig. 4 (from the south coast) the original

is hardly to be made out. The opposite tendency to

evolve a likeness out of a mere design also, however,

exists ; and it is not difficult to see how the boar

on Fig. 7 has been developed out of the degenerate

human face on Fig. 5, through the intermediate stage of

Fig. 6.

The coins described above are all of gold or silver, but

baser metals were in use. The coins of the Channel
Islands are of very base character, copper being the chief

constituent, though silver and tin also form a part. The
piece here given (Fig. 8) is characteristic in style. These

coins probably belong to some time in the first century b.c.

Roman influence began to be felt in the time of Julius

* KSOWLEDGE, JlllU' 1st, 1895, Jl. 123.

t " Anc-ieut British Coins," pp. 17, ff.
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Caesar, and was soon strongly shown by the coinage. As
the coins now begin to bear inscriptions, they supplement

to a certain extent the too scanty records of British history.

Thus, e.ri., we have coins with the names of rulers like

Yerica, Tasciovanus, Epaticcus, and Cunobelinus, and
places like Camulodunum (Colchester) and ^'erulamium

(St. Alban's). Of the four rulers mentioned only the last

( Shakspeare's Cymbeline) is known from history; but the

coins show that Epaticcus and Cunobelinus were sons of

Tasciovanus. The name of Epaticcu(s) appears on the

reverse of the gold piece No. 9, and the obverse legend

TASCI F (i-e., Tasciovani Filius) gives us his parentage.

No. 10, again, gives us the first four letters of Cunobelinus

on the reverse, and those of his mint, Camulodunum, on
the obverse. Tasciovanus, who ruled over the Catyeuch-

lani, had Verulamium for his capital ; his son Cunobelinus

received, perhaps in his father's lifetime, the eastern king-

dom of the Trinobantes, with the capital Colchester.

The coins struck by various Eoman Emperors (or

usurpers) in Britain, of which an instance is given in a

previous paper, ' do not properly come within the scope of

this article. We must therefore pass over the period of

Roman imperial domination to that which begins with the

first advent of the English. An interesting coin (or

possibly ornament) illustrates the transition from the one

period to the other (Xo. 11). That it is a copy of a

solidus of the Roman Emperor Honorius is clear ; but the

legend is unintelligible, and the reverse bears an obscure

Runic legend. The piece was therefore made by people

using Runes (that is, the script developed by the Scan-

dinavian nations out of the Latin alphabet of about

the fourth century a.d. | ; and it is said to have been
found in this country. It may be dated approximately

GOO A.D.

The series of English coins proper begins in the early

years of the seventh century—probably soon after the

conversion to Christianity of .Ethelberht, King of Kent,

in 596 A.D.—with what is known as the sceatt series.

This is a remarkable series of small coins, the character

of which is similar to that of the Merovingian currency

of the Franks. While, however, the latter was mainly
and primarily a gold coinage, there is only a com-
paratively small class of English coins in this metal, which
was soon replaced by silver. This Merovingian currency,

originating in an imitation of Roman money similar to the

gold coin with Eunic letters which we have already

described, soon acquired a distinct character of its own.
Both the solidus and its third / tn'tns or treniissis / were
coined by the Merovingians, but the latter eventually

became almost the sole denomination—at least in England.
The name trfmiasix is the origin of the old English word
thrymsa, a money of account, and probably originally the

name of the small coins corresponding to the Merovingian

tremisses.

Besides the general resemblance there are many other

small points which, taken together, prove the connection

between thu coinages on the two sides of the Channel.

One coin in particular bears the name of a Merovingian

moneyer ( Eusebius) on one side, and on the other the

name of Canterbury (DOROVERNis CIVITAS). There are

also coins which appear to be English imitations of

Merovingian pieces.

Of the gold coins here illustrated. No. VI is an imitation

of a Roman coin. The legend is unexplained, though
apparently not blundered ; the reverse is taken from a coin

which represented two emperors seated holding the globe

• Kmowlbdob, November 1st, 1895, No. 23.

+ Seeat ^= treasure.

of sovereignty, with a figure of Victory behind them.

No. 13, on the other hand, is probably imitated from Mero-
vingian money; the legend, which is WVN33TTON, may
possibly, as has recently been suggested, be the name of

Winchester (Wintonia). These coins have nothing to

connect them directly with the English, but another coin

of similar fabric in the British Museum with a Runic
legend may serve to establish the connection. The silver

corns, or sceats proper, have a great variety of types.

Three, with reverses evidently derived from the Eoman
type of the military standard inscribed

^xx*"
' '<> vows

made on the Emperor's accepting the empire for twenty

years), are illustrated here (Nos. l-i-lGi. The first has on

its obverse a degraded bust, with a Eunic legend equivalent

to EPA in front of it. The second shows on its obverse a

pattern which can actually be traced back to a human head

looking to the right. The third shows the same type in an

altered form, where the "artist" has evolved a strange

bird out of the degraded form of head. It would be easy

to multiply the fantastic types ; but we must be content to

notice one or two sceats for which some historical connec-

tion can be established. The first of these belongs to a

series which bears in a more or less blundered form the

name of London (Xo. 17). The second (Xo. 19) bears the

name (in Runic letters) of Pada, and is naturally to be

connected with Peada, King of Mercia (a.d. G55-65IJ or

G57). The type of the reverse is the degraded standard

type which we have already noticed. Another (No. 18)

similarly gives us the name of .Ethelred of Mercia

(675-701).

Before leaving this early period we must mention the

early coinage of a district of England which we have up

till now left out of account : the district north of the

Humber. The earliest known coins of this district belong

to the last third of the seventh century, and are therefore

later than the earlier sceats. They are all, however,

marked with the name of the king who issued them, in

Anglo-Saxon letters (thus we have the name of Ecgfridh,*

who reigned from 670-685, on No. 20, a copper coin i. About

the end of the eighth century the variety in design

disappears, and practically all the coins are struck in

copper. These copper pieces are known as stycas (the

same word as the German Stiiok). The use of copper in

the place of silver north of the Humber has been explained

by the existence of vast quantities of Roman copper coins

in this district. Another remarkable change is the intro-

duction of moneyers' names, which now regularly appear

on the coins. Thus the coin of Eanred here illustrated

(No. 21) has on its reverse the name of PINTRED (I'.f.

Wintred) the moneyer. This modification is due to the

influence of the more advanced coinage south of the

Humber. But the full efl'ect of the southern coinage

was not felt until the time of the Danish kings of

Northumbria.
The coinage of Northumbria during this period com-

prises not only a regal series, but an interesting series

struck by the Archbishops of York, and corresponding in

significance to the coins of the Archbishops of Canterbury

with which we shall deal in a later passage. These coins

(which begin about the same time as the regal series)

are nearly all copper stycas. The piece given here (No. 22)

was struck unuer Eanbald XL (.\rchbishop a.d. 796-

808 •.') and reads on the obverse eanbald AREP. The

second word is an abbreviation of Ar(chi)ep(iscopu3).

On the reverse is the monever's name eadvvlf (for

• For purposes of i-ouveniencc. I represent the three Runie letters

wbieh survived mto finglish by w (for the wen), tli (for the thorn),

and dh (for the corresponding soft sound).
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Eardwulfl. 'I'lie legend on each side is preceded by

a cross, and this is a very usual practice on all coins

of the middle ages. The most interesting piece in

this archiopiseopal series is, however, the gold solidus

(No. 2;i) struck by \Vigmund (a.d. 8S7-H.'')4 •.'). It reads

on the obverse vigmvndarep, and presents a (conven-

tional) portrait of thf archbishop, with tonsured crown.

The reverse reads mvnvs DIVINVM (" An olTering to

God"'?). The occurrence at such a date of a fuUi'aced

bust on coins struck north of the Alps, or of a bust of

any kind in Northumbria, is exceedingly rare.

Keary* bridges the gap between the series which we
have described and the penny coinage which succeeds them
by means of a transition pirce (No. 24), which he ascribes

to Beonna, perhaps an l'',ast Anglian king. In fabric

and weight this coin stan Is nearer to the sceat series,

but in design and style of inscription it must be ranked

with the pennies. The inscription on the obverse is partly

in Runic letters, and equivalent to BEONNA REX ; the name
of the moneyer is EFE.

The introduction of the silver penny was one of the

most far-reaching changes in the history of English coinage

;

and this change was due to a similar change in the coinage

on the other side of the Channel. The denier was intro-

duced in France by Pepin the Short about 755. The
transition piece desciibed above is dated by Keary about

7G0. 1 The earliest pennies certainly attributable to any

king are those of Offa, King of Mercia (757-796). Some
time after 760, therefore, it is probable that this great

innovation was made. The penny coinage was, however,

not adopted in Northumbria until a century later. For

nearly five centuries henceforth there was no real change

in the English coinage, the silver penny being the only

currency.^

The weight of the denier when first introduced was
about 19 grains troy, but in twenty years it had risen to

236 grains. The English pennies began lower, and rose

in time to about the same average weight, though they are

occasionally in excess of the weight of 24 grains which,

from its connection with the silver penny, came to be

known as the " pennyweight."
Oifa's coinage presents a remarkable variety of types.

The commonest are the conventional bust of the king, and

a cross in some form or other. The name of the moneyer
on the first piece given here (No. 25) is meant for Eadhun
or Eadmund. The second piece (No. 26, reading OFFA
REX and BAHHARD, i.e., Bannard) is one of the many
pieces from which the king's bust is absent.

The coins of Offa are artistically quite the best produce d

in England during all the period which we have to consider

in this article. The money of his successors does not show
the same variety of types and skill in workmanship. ; As to

the origin of these types, some of them are doubtless due to

native ingenuity ; others are copied from the dealers of

France, others from sceats, and others again from Roman
coins (for at this time Roman gold coins were still in wide

circulation).

It will be most convenient to divide the history of the

coinage, from the introduction of the penny up to the point

at which the present article is to stop, into two main
periods : (1) the history of the various kingdoms up

* Introduction to Vol. I of the " Catalogue of Englisli Coins in

the British Mufeuni," p. xxiii. I must here acknon-ledge my
constant indebtedness to the introductions to Vols. I. and II. of the
English Catalogue.

+ A Beorna is mentiourd by Florence of Worcester in 7.3S

t Apparent exceptions will be dealt with as they occur.

§ The heads on some of tlie coins of Offa are so good that one is

almost justified in calling them portraits.

to the unification of England ; (2) thence to the Norman
('onquest.

The first period is one of considerable political confusion,

but the state of the country had not so disastrous an eifect

on the coinage as it had, for instance, in later times under

Stephen. The coins are fairly legible and neat. We may
divide them into two series ; a regal and an ecclesiastical or

semi-ecclesiastical. The regal series naturally divides

itself into the coinages of the various kingdoms : Kent,

East Anglia, Northumbria, Mercia, and Wessex. Oftheae

the tirst had ceased to be important while the anonymous
sceats were still the only coinage.

The last King of Kent, ]3aldred, was deposed by Ecgbeorht

of Wessex in 825. The coin given here (No. 27) reads

BELDRED REX CAN (i.i\, !'>aldred. King of Kent) on the

obverse, and OBA (i.e., the moneyer's name) on the

reverse.

The coinage of East Anglia may be illustrated (in

addition to the piece of Beonna described above) by a coin

of -Ethelberht (No. 28), who was killed in 704. The name
of the king is partly in Runic letters ; the reverse bears

the title REX and a type copied from the wolf and twins so

common on the Roman coinage. This penny is, however,

quite exceptional ; the later pieces belong to the usual

kind.

Of the Northumbrian penny series, which begins with

the invasion of the " great army " in 866, we may describe

a halfpenny struck by Siefred (894 to about 898) at

York. (No. 29; obverse RSIEVERT ; reverse EBIAICECIVI.

The spelling EBRAICE ClVi(tas) corresponds to the form

EBORACVM by which the Romans represented the British

name which, through the form Eoferwic, has come down
to us as York.) The halfpenny and farthing were also

sometimes produced (less frequently at this time than
later) by simply cutting the coin into halves and quarters,

a process to which their thinness and frequently their

cruciform types specially adapted them. We have already

described some specimens of the earliest Mercian pennies,

and we may therefore pass to the kingdom of Wessex.
The greatness of this kingdom began with the battle of

Ellandune, in 825, in which Ecgbeorht defeated Beom-
wulf. King of Mercia. On this soon followed the acknow-
ledgment, more or less formal, of Ecgbeorht's supremacy on
the part of East Anglia and even Northumbria. Kent was
entirely absorbed in Wessex, with curious results as regards

the coinage of the latter kingdom ; for it appears that the

coinage of Ecgbeorht is really a Kentish coinage, issued

very largely either in Kent itself or by Kentish moneyers.
A series of coins of Ecgbeorht exists with a monogram
generally explained as that of the Latin name of Canter-

bury (Ihirtihernia). There are, however, coins with the

legend sax or SAXONIORVM, which most probably are

of pure West Saxon origin
; and the coinage of Mercia had

also considerable influence on that of its conqueror. In this

connection two most important coins, discovered within

the last few years, must be mentioned. The first (No.

30) has the obverse legend ecgberht rex M, i.e.,

Kingof the Mercians; and on the reverse lvndonia civiT.

This is the first instance of the appearance of London as a

mint on English pennies. On the second, which gives the

king the same title, we have the name of the moneyer
Redmund. who is otherwise associated with Wiglaf, the

Mercian king deposed by Ecgbeorht some time after the

battle of Ellandune. These two coins are therefore

interesting illustrations of the beginning of the rise of

W^essex.

After the establishment of the ^\'est Saxon supremacy,

the chief element in English history is supplied by the

s^reat invasions from across the North Sea. Into the
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history of this period it is impossible to go in detail here,

and we can only briefly instance coins of a few of the
better Imown rulers of the time.

In 87-4 the Viking army under Halfdan deposed Burgred,
King of Mercia, and England was now practically divided

between Wessex and the Danish power. One of the most
remarkable coins issued by the invaders is the penny of

Halfdan, when he was in London after the deposition of

Burgred. The obverse type (No. 31) is similar to that

of the reverse of the gold sceat described above (No. 12),

while the reverse bears the monogram of London.
-•Elfred the Great succeeded to the throne of Wessex in

871, and reigned till 901. By 878 (when he won the

victory of ^Ethandune) he had succeeded in getting rid of

the Danes from England west of Watling Street and the

Lea, and consolidating his kingdom ; his coins probably

date from after this year.

The following penny (No. 32) was struck at Oxford :

obverse, /ELFRED OHSNAFORDA (for ORSNAFORDA);
reverse, BERNVALD MO(for MONETARIVS, moneyer). Under
Eadweard the Elder, who succeeded .Elfred, we find a great

variety of types, including one which may be meant for

Canterbury Cathedral (No. 33). The workmanship of the

coins of this king is neater than any since the time of Offa,

and there seems to have been some attempt at portraiture.

Eadweard's successor, ^Ethelstan, also struck a fine series

of coins, but of less varied types. The number of mints
(the names of which it had become not unusual to place on
the coins in the time of Jillfred) begins to increase in this

reign, and the new places from which coins were issued are

evidence of the steps by which England was gradually

recovered from the Danes. .Ethelstan sometimes calls

himself King of all Britain (REX TO BR on No. 31). From
this time to the reign of Eadgar (959-975) there is no im-

portant change in the coinage to be chronicled.

We may now, before passing to the coinage of unified

England, look briefly at some of the exceptional issues

of the period just described. Beginning with the archi-

episcopal coinage, we illustrate (No. 35) a coin struck at

Canterbury in 832-833 during the interval between the

death of Wulfred and the appointment of Ceolnodh. On
the obverse is a head to the right and the name of the

MONETArius SVVEFNERD; On the reverse DOROBERNIA
CIVITAS. The coins struck by the archbishops them-
selves are not of any unusual interest ; but there are

at least two remarkable series of quasi-ecclesiastical

coins which must be mentioned here. These are the

memorial pennies of St. Eadmund, struck in East Anglia
chiefly during the end of the ninth century, and a some-
what similar series with the name of St. Peter, struck

probably about the middle of the tenth century. The
former series is represented here (No. 30) by a coin which
reads sc ('-i'., Sanctus) EADMVND r on both sides, but

the reverses are more commonly occupied by moneyers'
names, sometimes of a very strange character. Most of

them appear to be Frankish, and the coins may have been
issued by Frankish traders settled in the district. The St.

Peter coins were struck at York during the Danish occu-

pation, and probably under the direction of the archbishops.

The type of the obverse of the coin figured (No. 37) is a

sword, the legend sci PETR mo, i.i'., Money of St. Peter.

These coins have of course no connection with the Peter's

Pence, which were a tribute paid into the Papal Treasury
on St. Peter Mass. The other subsidiary coinages of this

period we must pass over unnoticed.
Under Eadgar, the first King of all England, there is a

• It also occurs on coins of Ccolwulf II. of Mercia iwho was set

up by the Danes in 874) and of yElfrod the Great.

great increase in the number of mints, but otherwise
nothing remarkable to chronicle. .Ethelred II., the
Unready (i.e., devoid of counsel), issued a very large number
of coins, in spite of the distressful state of his kingdom.
He is occasionally represented wearing a helmet (some-
times combined with a crown). The combination is seen
on the gold piece here illastrated (No. 38), which was
made at Lewes <L/EPEi by the moneyer Leofwine
iLEOFPiNE'. This piece is usually regarded as a proof or

pattern ; but it may equally well have been struck as
an offering; penny or presentation piece. A similar gold
piece of Edward the Confessor exists. This coin also

gives us an instance of the double cross, which now
becomes common, owing probably to its convenience
with a view to cutting the penny into halfpennies or
farthings.

During the reign of .Ethelred II. the English coinage
had an enormous circulation all over the Scandinavian
world, and the later coinage of these parts was modelled
on the English money. The English coinage presumably
travelled abroad as ransom or plunder, though, did we
not know the facts, we should naturally conclude from the

numismatic evidence that .Ethelred's reign was one of

great prosperity.

The remaining rulers of England previous to the Norman
Conijuest must be briefly dismissed. Under Cnut we
notice the occurrence of the crowned bust (No. 39, reading

CNVT REX ANGLORVM and /ELFNOD MO LINO, a
Lincoln penny, therefore), which Cnut adopted from the
German emperors. The legend pacx (common enough
on later coins) now first occurs on some of Cnut's coins,

having reference probably to the peaceful settlement

of English affairs in 1017-18. Cnut also sometimes
wears a pointed helmet, like that found on the Bayeux
tapestry.

Passing over Harold I. and Harthacnut we come to

Edward the Confessor. In this reign two interesting types
are introduced. The king is sometimes represented seated,

holding sceptre and orb surmounted by cross—the symbols
of sovereignty. (No. 41, EDPAD RX ANGLOR and DORR
ONN EOFRPQ. i.e., Dhorr at York. ' On the reverse are

four martlets in the angles of the cross, generally supposed
to be the heraldic device of the !;ing, though there is doubt
as to their true character.) Another new type, so far as

the regal series is concerned, is the facing bust, which
occurs, e.i/., on the coin struck at Cricklade (No. 40,

LEOFRED ON CRECLA).
We close the English series with a coin of Harold II.,

who seems to have adopted only one type. The coin we
give (No. 42) was struck at Chichester, and reads harold
REX ANG and /ELFPINE ON CiGEi, with the legend pax
in the centre of the reverse.

The Scottish coinage does not commence till the reign of

David I. (1124), nor the Irish until the period of tlie second
Scandinavian invasion of England, at the end of the

tenth century. At that time we find a number of coins

bearhig the names of .Ethelred II. and Cnut. These were
only imitative coins, and do not imply that these kings
ruled in Ireland. They preceded the coinage of the Norse-
man Sihtric, who reigned in Ireland, dying in 1012. Ills

silver pennies (No. 43) are copied from those of .Ethelred

II. ; the objects in the two angles of the cross are probably
meant for hands. The name of Sihtric is generally more
or less blundered. From this period till the time of the

English conquest, under Ileury II., there is no Irish

coinage.

• ON or ONN has been explained as a corruption of mon. but this

is improbable.



102 KNOWLEDGE. [May 1, 1896.

SOME CURIOUS FACTS IN

DISTRIBUTION.-II.
PLANT

By W. ]5oTTiN(i IIemsley, F.R.S.

SOi^Il",
particulars have already been given of the com-

liosition of the vegetation of several of the remote

islands in the highest southern insular limits of

flowering plants, especially in relation to its general

poverty, the absence of shrubby plants, ami the

extreme rarity of conspicuous and brightly-coloured flowers.

Proceeding northward from Macquarie Island, in the

New Zealand region, the climatic conditions arc rapidly

less rigorous ; a few degrees of latitude bringing con-

siderable change, and a corresponding increase in the

variety and character of the plants constituting the

vegetation. This is exemplified in Campbell Island, in

about .02^ 80' latitude, and still more in the Auckland
group, two degrees further north. On the windward side

of these islands the vegetation is poor and stunted ; but on
the leeward side, and in the sheltered valleys, there is a

comparatively rich and varied flora. There arc no very

large trees, it is true, but small trees and shrubs abound.

The commonest, largest, and most conspicuous tree is

Metrosidt'ros Iticida imyrtacere), which attains a height of

twenty to forty feet, with a trunk occasionally as much as

three feet in diameter. It bears showy crimson flowers, and
is a very striking object in the landscape. IhaciiphnUuni,

a genus of the heath family, having leaves much like those

of a Dnicinm or a small screw-pine, is represented

by two arboreous species, totally unlike anything in

north temperate regions, and no less striking than

the myrtle just mentioned. Vrronicn rUiptira is

another small tree inhabiting these islands. Most of

our northern species of Veronica are herbs or quite low
shrubs ; whereas in the New Zealand region, where
the species are much more numerous and varied than in

any other part of the world, they are nearly all shrubby,
r. fllijitira is the only really arboreous species, sometimes
growing as much as thirty feet high, and when covered

with its bright blue flowers it is a beautiful sight.

It is also still move remarkable that this tree is

found in the South American region, growing as far

south as Hermite Island (lat. 55° 52), Fuegia, within

three latitudinal minutes of Cape Horn. This, I should

explain, is a somewhat higher latitude than the remote
islands whose vegetation I have described as the highest

southern latitudes where flowering plants exist at the

present time. I should have added, in remote islands.

Among the shrubs of the Auckland Islands flora are

many bearing showy berries ; and the herbaceous element
includes handsome plants of the aster, orchid, lily,

and other families. There are also some very robust

and ornamental pink-flowered umbelliferje, allied to our
Awielira. Ferns abound, too ; but the characteristic beech-

trees and conifers of the New Zealand mainland are wholly
wanting.

Proceeding no farther northward than Stewart Island
(47" lat. ), in the extreme south of New Zealand proper,

we encounter a subtropical vegetation, in which tree ferns

and trees having brilliantly coloured flowers are con-
spicuous features. This island, having an area of only six

hundred and forty square miles, and altitudes up to three

thousand feet, is still imperfectly explored
;
yet no fewer

than three hundred and eighty species of flowering plants

and seventy species of ferns have been discovered within its

narrow limits. I must not dwell on the attractions of this

rich southern flora, which owes its wealth to a combination
of local conditions. Taken as a whole, however, the flora

of New Zealand is poor in generic forms ; such familiar

and wide-spread genera as Hnminriitiis, KpiUihium, Scnecin

Vcronicii, and rV/rcc contributing very largely to the total

number of species, nearly all of which are endemic or

restricted to the islands. The relatively numerous endemic
genera are mostly represented by one or few species, and
present many interesting phenomena in plant distribution

which I cannot attempt to discuss or explain here. I may
add that, with the exception of Stewart Island, all the

small islands referred to are uninhabited.

I will now invite the reader to accompany me, in

imagination, to some groups of uninhabited islands in the

southern part of the Indian Ocean, midway between
Macquarie Island to the east and South Oeorgia to the

west, but in somewhat lower latitudes, ranging from about
forty-seven degrees to fifty-three degrees south. These are

the Prince Edward group and Crozets, corresponding in

southern latitude to the centre of France in the north
;

and Kerguelen and the Macdonald group, corresponding to

Cornwall and Nottingham respectively. A glance at the

map will teach more than many words the distances these

groups of small islands are from each other and from the

nearest continents. With the exception of Kerguelen,
which has an estimated area of a little more than two
thousand square miles, these volcanic islands are all of

small extent. Their vegetation is of the scantiest, and its

composition is nearly the same throughout, except that

Kerguelen has twice as many species as any of the other

islands or groups of islands.

The climate is not very severe and the range of

temperature is not great
; yet the nature of the climate

is unfavourable to vegetation. In Kerguelen, for example,
the thermometer rarely rises to 70° Fahrenheit, and rarely

falls more than a few degrees below the freezing point

;

but it is almost continuously cold, bleak, and stormy, due to

these islands being in the track of the Antarctic currents.

Heard Island, in the Macdonald group, is still in a

glacial period, with glaciers almost down to high-water
mark. This island is about twenty-five miles in length

by six in its greatest breadth, with mountains rising

to a height of seven thousand feet. Only five species

of flowering plants have been collected there, and the

same number in the Crozets, with two ferns added
;

"

fourteen of flowering plants and ferns combined in

Marion Island, Prince Fdward group ; and twenty-seven

in Kerguelen. Not one is of a woody nature, but fossil

wood discovered in Kerguelen affords evidence of the

existence of forests at some probably very remote period.

Six species out of an aggregate of thirty have not been
found elsewhere. One of these, the Kerguelen " cabbage "

{Pri)i()len trntisciirJnilica), is specially deserving of notice,

both on account of its history and its value as a pot-herb or

salad. Captain Cook, although not the discoverer of the

island, was the co-discoverer of the cabbage, and took

great interest in it in connection with its antiscorbutic

properties. Cook was keenly alive to the ravages of scurvy

among seamen, especially those engaged on long voyages,

away from civilized countries ; and, through the precautions

he took, he was very successful in combatting this dreadful

disease.

But in the narrative of the voyage it is William Anderson,
surgeon and naturalist to the expedition, who is quoted on
the vegetation of Kerguelen, and he says: "Perhaps no
place hitherto discovered in either hemisphere on the same
parallel of latitude aftbrds so scanty a field for the naturalist

as this barren spot." He then goes on to describe, in a

general way, the principal plants, including the cabbage,

and places the total number of species at about eighteen.

He also mentions that they ate the cabbage both raw and
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cooked. This was in 1776, and it was left to the now
veteran Sir Joseph Hooker, who accompanied Sir James
Ross on his memorable Antarctic expedition, 1830 to 1843,

to pubUsh a full and illustrated account of this remarkable

plant, partly from his own experience and observations

and partly from Anderson's manuscript in the British

Museum. The name Piiniilm he adopted from Anderson,

who proposed it to commemorate the name of Sir John
Pringle, who wrote a treatise on sc)irvy, which is appended

to the account of Cook's first voyage.

This plant is the largest and the most abundant in

Kerguelen, growing most luxuriantly, however, on the

sea-shore, where it is the first to greet the grateful

mariner. It belongs to the cruciferae, the family to which

belong our cabbages, cauliflowers, radishes, turnips, cress,

and other valuable esculents ; and it is one of the most

distinct of

its family,

not being

very closely

related to

any existing

member. In

addition to

being abun-

dant in Ker-

guelen, it

also occurs

plentifully

inthePrince

Edward,
Crozet, and
Mac dona Id

groups,
which, al-

though un-

inhabited,
are the re-

sort of
whalers, to

whom it is

a great boon
and luxury. -*"t"^ ^°^^^-

Sir Joseph
Hooker states that during the three months' stay of the

Erehux and Terror at Kerguelen in 1H40, the native

cabbage was cooked daily for the use of the officers and
crew. I have written somewhat fully on this plant because

of its immense utility to man in a region where there

is so little vegetation, and where in the islands of the

Indian Ocean in question it is the only member of the

natural order which, Ln corresponding northern latitudes,

is so numerously represented and produces such a variety

of esculent vegetables.

OUR FUR PRODUCERS.-III.

FOXES, WOLVES, AND BEARS.

By R. Lydekker, B.A.Cantab., F.R.S.

NEXT in importance to those of the weasel tribe,

among the land carnivora, are the furs of the

various species of wolves and foxes, the pelt of the

renowned silver fox of North America realizing

prices second only to those paid for skins of the

sea-otter. Both foxes and wolves belong to the great

dog family {Canidce), and as the general appearance of all

these animals is suificiently well known to our readers
there is no necessity for givmg any description.

Few mammals are subject to greater variation in colour-

ation than the ordinary fox {Canis ridpe>^) : and hence it

happens that whereas this animal is really a very widely
spread one, with numerous local varieties, it has been split

up into a host of nominal species, such as the cross fox,

silver fox, Himalayan fox, and NUe fox. ^Yiser counsels
fortunately, however, now obtain, and ("among European
naturalists at any rate) these and other varieties are

reckoned merely as peculiarly coloured races of the common
fox. Even in England there is a certain amount of

variability in this widely-spread species, examples being
sometimes killed in which the characteristic white tip to

the " brush " is wanting ; whUe one has been caught with
the under parts as dark as in the Italian race. In the

latter in-

stance it is,

However, of

course possi-

ble that the

animal may
have been
a foreign
" bagman '

imported
into this
countn-.

The' de-

scriptions
of all the
colour vari-

ations to

which the

foxissnbject

are far too

long to be
even re-

ferred to

here, and
belong more
properly to

a work on
natural

history ; and we shall consequently confine our notice, in

the main, to the prices and numbers of the different

varieties of pelts that come into the market. As the

most expensive and most beautiful of all, the North
American silver fox claims our first attention. With the

exception of the tail-tip, this variety is almost entirely

black, the hair on the hinder part of the back, outsides of

the thighs, and head being ringed with grey : but some
examples are wholly black and others wholly grey. It is

now a comparatively scarce animal ; but about five-and-

forty years since it was sometimes seen in the mountains
of Pennsylvania and the wilder districts of New York
State. The American Fur Company obtained most of its

skins from the Upper ilississippi and the districts to the

north-west of the Missouri River. Fiom about one
thousand five hundred to two thousand skins are annually

sold in London. Of these, the pale-coloured varieties realize

only from some five to eight pounds apiece ; but even in

1H90 fine black skins sold at from fifty pounds to seventy-

two pounds. In 1894 the price went up to an extraordi-

nary degree, and many skins were sold at more than one
hundred pounds. The highest price was, however,
realized at a sale in London in the spring of 189.'>, when
an unusually fine skin sold at no less a figure than one
hundred and seventy-five pounds. The pelt8, which are



101 KNOWLEDGE [May 1, 1896.

usually made up iuto inulTs and trimmings, arc chiefly

bought by the French and Russians ; the most costly of

all furs finding their way to Russia.

Next in scarcity of the American varieties is the so-

called cress fox, taking its name from the transversa band

of darker liair across the shoulders ; the under surface

of the body and legs being black. Ordinary skins of

this variety sell at from one pound to two pounds ten

shilHngs ; but unusually dark-coloured specimens vary in

price from five pounds to seven pounds each. According

to Mr. Poland, the number of pelts that come annually

into the London market oscillates between five and
seven thousand. The commonest of all in America
is the red fox, in which the general colour is reddish

yellow, becoming grizzled on the hinder part of the

back. rrol)ably the Kamschatkan fox is identical with

this variety.

1'he trade in

American
red fox skins

is e nor -

mous, from
seventy to

ninety thou-

sand being

yearly sold

in London,
at prices

varying
from two to

sixteen shil-

lings each.

In the
earlier part

of the cen-

tury the

value was,

however,
considerably

greater.
Mr. Poland
states that
" red fox

skins are

mostly pur-

chased for

export to

Russia,Tur-

key, Greece,

Servia, Bul-

garia, and
other Eastern countries, where they are used for trim-

mings, coats, e'c."

Although in Britain but few pelts of the European fox are

saved, on the Continent there is a very large trade m them,

about one hundred and thirty thousand being sold annually

at Leipsic, acd some two hundred thousand at the Irbit

Fair in Siberia ; while the number collected yearly in

(rermany is stated to reach about half a million. Average
specimens sell at about two shillings.

There is a considerable trade in the skins of the

Oriental foxes, although it is far from easy to determine

which species yields the maximum supply. Probably,

however, the greater number are the product of the

Himalayan fox, the so-called Caiiis iiiontanu^, which is,

however, only another variety of the common species.

This form has black under-parts, and not unfrequently a

dark cross mark on the shoulders. It is found from

Afghanistan throughout the Himalaya. Skins vary in

value from eighteen pence to three shillings each ; and it

is stated that several thousands are imported to Leipsic by

way of Arabia, in addition to about a hundred thousand

through Nishin. In Kashmir and Cabul these skins sell at

aliout nine annas each ; and when a number are sewn

together they form a very warm and handsome carriage

nig. Although the fur of the small Indian desert fox {€.

Inini/iiis)—with which the Persian (
'. iiersicus is probably

identical— is short and of but little value, a small number
of skins are exported every year from Karachi.

Very distinct from all the other members of the group

is the Arctic fox (('. liKid/Jint) : also known either as the

blue or the white fox, according as to whether it is in the

summer or the winter coat. From other foxes this species

difi'ers by having the soles of the feet thickly clothed with

hair, while it is further characterized by the bushiness of the

tail. Some
writers ap-

pear to be

in doubt
whether a

blue fox

turns white

in winter,

but that this

is the case

is certain.

In the sum-
mer the

general hue
of the fur

is bluish, or

occasionally

brownish
grey. Dr.
M i V a r t

writes that

the change
from grey to

white "does
not, by any
means, in-

va riably
take place,

even in this

species. In-

d i V i d u a 1 s

seem often

to be met
Tlir Coyotf. withintheir

native
haunts with their summer dress in winter, while others

remain entirely white the whole year round." Although
inhabiting all lands within the Arctic Circle, this fox ex-

tends a considerable distance south of the latter in both

hemispheres, but more so in the Eastern than iu the Western.

The white winter skins vary considerably in quality, those

from Alaska and Siberia being coarse-haired, whereas Green-

land and Labrador samples are finer. From Siberia it is

stated that between twenty and sixty thousand skins are

imported into Europe, most of them being sold at the fairs

of Irbit and Leipsic ; while about nine thousand cane to

hand in 1891 through the Hudson Bay and Alaska Fur
Companies, and nearly a thousand were obtained from

Greenland by a Danish company. The price per skin

varies from half a crown to about sixteen shillings and
sixpence. Blue fox is much more valuable, the prices

varying from about a pound to as much as fourteen or even

fifteen pounds per skin. A certain number of pelts are
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obtained from Iceland, where the species retains its " blue"

tint throughout the year ; but the entire out-turn is

comparatively small, the number exported by the American
companies in 18!)1 being a little over three thousand,

while in the same year the Danish company accounted for

about one thousand four hundred. In the Pribylov Islands

the Arctic fox subsists chiefly upon young seals and
sea-birds and their eggs. The white skins are largely

employed in the natural condition for wrappers and rugs
;

and when dyed black or brown are manufactm-ed into

muffs or used for trimmings, in imitation of silver fox.

The tails are also made up into boas.

Of the other foxes the

one of most commercial

importance is the Vir-

ginian, or grey fox, of

North America (C. (/'-

f/iniiinm), taking its name
from the general dark

grey hue of the fur. Mr.

Poland states that in 1891

over twenty-five thousand

grey fox skins came into

the London market, which
realized from sixpence to

four and sixpence each.

This, however, is one of

the furs that of late years

has gone out of fashion,

since considerably higher

prices were formerly paid.

In habits the grey fox

differs considerably from

the common species, as

when hunted it always

runs in a circle, instead of

in a straight line, and
when hard pressed will

not unfrequently seek re-

fuge by running up the

stem of some sloping tree.

In spite of its soft and
thick fur, the smaller

American kit fox (C. relo.v),

characterized by the light

grey colour of the back,the

yellowish flanks, and the

white under-parts, is of

still less importance from

a commercial point. But
few skins now come into

the market, and these

realize only from eight-

pence to a little over two
shillings each. Although
sometimes dyed black

they are chiefly employed,

for the cheaper kinds of fur wi'aps.

Of the South African forms, the only one of which skins

come into the market appears to be the asse fox (C. rhnmfi),

which is a somewhat long-eared species, intermediate in

character between the typical foxes and those small very

long-eared forms known as " fennecs." I'.ven of this species

only a few skms are imported into Europe, and there

appears to be no regular price quoted. In parts of South
Africa its skins are used by the natives for making their

cloaks or karosses.

South America is the home of several small species of

the genus Canis commonly spoken of by the English

Malayan Bear.

settlers in that country as foxes. They differ, however,
from the true foxes in several characters of the skuU, and
belong to a different group of the genus. Although they
have in general good fur, but very few skins find their way
into Europe, and such as do so sell at between one and
two shillings each. Probably the majority belong to

Azara's fox (C. ii'.arm), which is one of the commonest of
the Argentine species.

A very remarkable member of the canine family is the
so-called raccoon-dog [C. procijonides), from -Japan and
other parts of North-Eastern Asia, which derives its name
from its curious superficial resemblance to a raccoon. It

has long loose fur, of a
general dark brownish
grey colour, small ears,

and a short bushy tail

;

the under-fur being short

and very close. Although
by naturalists this animal
is frequently regarded as

somewhat rare, the num-
ber of its skins import-

ed for commercial pur-

poses indicate that it must
really be extremely com-
mon. According to Mr.
Poland, upwards of thir-

teen thousand pelts were
imported in ls84, and
about seventy thousand
in 1891 ; the majority of

these coming from Japan.
It is sold imder the names
of either Japanese fox,

jackal, or badger ; and
some of the skins are re-

ceived in England with
the long hairs removed
and only the short under-
fur remaining. From
fourpence to seven shil-

lings and sixpence each
appears to be the range in

the value of the pelts of

this species, the price

fluctuating both with the

quahty of the skins and
the demand for them.
This fur, which is used
both dyed and of the

natural colour, is made up
into trimmings or capes.

The jackals, which are

intermediate in point of

size, and in some respects

also in external character,

between the true foxes

and the wolves (although differing from the former and
resembling the latter in the structure of their skulls),

are of little or no commercial importance. This is not to be
wondered at in the case of the common jackal (C. autius)

of South-Eastern Europe, Western Asia, and Northern
Africa, seeing that its fur is harsh and little suited to the

purposes of the furrier. Consequently the pelts of thousands
of these animals annually destroyed in Algeria are wasted.

It scorns, however, a pity that the fur of the handsome
black-backed jackal (('. nu-nomeln.A of (.'entral and Sonth
Africa is not made more use of, seeing that the difference in

colour between the black of the back and tail, decked with
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silvery grey, and the bright tawny of the flanks, head, and

limbs, forms a striking and pleasing contrast. Only a few

skins appear to be imported, which average about three

shilHngs in price, and are chielly employed for fur wraps.

We cannot liud that the pelt of the side-streaked jackal

(C. adiistii.'i), which is likewise an African species, is ever

used at all.

Of more importance are the wolves, of which some of the

skins are very handsome, and command a considerable

price in the fur market. As in the case of the common
fox, we here again once more meet with the ditViculty of

deciding what degree of dilference constitutes a species,

and what ought to be reckoned as a mere variety. It is,

however, now generally conceded that the North American
wolf is not specifically distinct from its European and
Asiatic cousin {Ccmk lupus), and that the dark-coloured

woolly wolf (' '. hini(ii'r) of the highlands of Tibet is like-

wise only a local race of the same. Probably also the

so-called blue wolf (>'. lto</ojilti/la.r) of Japan comes under

the same category ; but there is some difference of opinion

with regard to the Indian wolf (C\ palliprs). Including

all these, save the last, under the head of the common
species, we may have grey, brown, black, white, yellow, and
" blue '' wolves ; long-haired and short-haired wolves ; and

wolves with a thick woolly under-fur, as well as others in

which there is scarcely any under-fur at all. The greater

portion of the European supply of wolf pelts comes from

Siberia, whence several thousand annually find their way
to the markets of the South ; a few hundred also coming

from China. From America less than a thousand skins

come yearly to England ; the grey samples, according to

Mr. Poland, selling at from four to twenty-four shillings,

the white at from seven and sixpence to four pounds ten

shillings, and the blue at from two pounds ten shillings to

six pounds each. There appear to be no quotations for

black Tibetan wolf skins—doubtless on account of their

rarity—but Chinese pelts average about sixteen shillings.

Wolf skins are especially used for wrappers and carriage

and sleigh rugs ; while, when dyed black or brown, they

are made up into boas, for wliich purpose they are specially

suited on account of the unusual lightness of the skin.

The skin of the Indian wolf would probably be valueless,

on account of the absence of under-fur.

Whatever question there may be as to the right of the

latter to specific separation from the ordinary wolf, there

can be none with regard to the so-called prairie wolf or

coyote I Conis latrans) of the United States and Canada.

It is a considerably smaller animal, with the fur generally

grey or grizzled, and the taO-tip usually black. Although

the long and thick fur is somewhat harsh, skins of the

coyote form an article of some importance in the trade, but

we have been unable to ascertain their price. Probably

from four thousand to six thousand pelts come annually

into the market, which are used both for rugs and boas, in

the latter case being generally dyed black or brown. From
its extreme wariness the coyote is one of the most difficult

of North American fur-bearing animals to trap. Of the

small Falkland Island wolf f C. antarcticus)—the sole South
American representative of the wolves—it is stated that

from fifty to a hundred skins are imported annually into

this country. The fur is dark brindled, and is said to be

sometimes used to imitate that of the grey fox.

Before leaving the Canidce mention must be made of

certain large Chinese and Siberian dogs, of which the

skins appear to form a very important item in the fur trade.

The Chinese dog is described as being about the size of a

retriever, with a long but not bushy tail ; while the Siberian

dog IS larger, and its black coat of a still finer texture. Of

the Chinese dog, Mr. Poland states that from fifty thousand

to one hundred thousand skins yearly reach the London
market ; but in addition to this the value of the yearly

collection in Manchuria amounts to between £40,000 and
i'GO.OOO in value. Of those exported from China the bulk
are made into robes of eight skins (sometimes four), and
sent from Shanghai to London and New York. They vary
in colour ; black, white, and fawn being the predominant
tints, while a few are brindled.

The amount of space taken up by the foregoing account
of the foxes and wolves leaves but little room for the

bears. Among these latter by far the most valuable pelts

are those of the white Polar bear (I'r.tus inaritiuiun), of

which from thirty to a hundred are annually imported
from (ireenland to Copenhagen by a Danish company.
The best of these reali/.e from ten pounds to thirty pounds
apiece ; but of those imported by the Hudson I'ay Com-
pany the price is much lower, owing to their bad condition.

Less than a hundred is the usual annual import. The fur,

which is occasionally dyed black, is made up into rugs and
wraps. Naturalists are now pretty well agreed that the

grizzly and black bears of North America, as well as the

Isabelline bear of the Himalaya, are nothing more than
local races of the European brown bear {I'rsus mrtux).

Including such varieties, bear skins range in colour from
pale cinnamon to black. We have been unable to come
across any account of the annual number or value of

European skins, but of grizzly pelts about three thousand
five hundred were sold in 1891 at prices ranging to as

much as seven pounds ten shillings for fine specimens.

Many bears are also killed in Kamschatka, some of

their skins being of enormous dimensions, as also are

those obtained from Alaska. More valuable is the

American black bear, of which fine skins realize as much
as twelve pounds ; upwards of seventeen thousand being

sold in 1891. Still more precious are the pelts of the

cinnamon bear of the same country, which now fetch

about thirteen pounds, although they formerly sold for as

much as thu-ty pounds. About three thousand skins came
into the market in 1891. Bear skin is used for trimmings,
wrappers, rugs, and boas ; that of the black bear (dyed)

being employed for the headpieces of the Foot Guards.
The fur of the cubs of the same variety is valued for coat-

collars. The Himalayan black bear
(
U. lorquatu.s) and the

Indian sloth bear {Melursux ursimts) have such short or

coarse hair that their pelts are practically valueless.

Science Notes.

Kemaekable results have been obtained in France by
M. le Bon, who has been continuing: his researches for

some years. He finds that the light of an ordinary

petroleum lamp will print a photographic positive on a dry

plate through a sheet of iron, especially if the dry plate

be arranged with a sheet of lead behind it, the lead being

folded over round the ed.^es of the iron. Other metals,

and also cardboard, act in the same way, and it seems only

to be a question of time. The name of dark or ifivisiblf

liijht has been given to the agent concerned in these

phenomena. It does not pass through black paper, and
differs in this respect from the X rays of Eontgen.

In a further description of his work, Le Bon mentions
experiments in which photographic effects were obtained

from ordinary sources of light, the plate being screened by
optically opaque bodies. It is suggested that " dark light

"

is a form of energy intermediate between light and
electricity. It is possible that it does not act directly, but

by means of phosphorescence.
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In the application of the Eontgen rays to surgery in

France, the shadow photography has indicated that in a

case of bone disease the centre of the bone was affected,

and not the periosteum. The Kmits of tubercular affection

of bones of the hand have been ascertained, and an internal

ulceration of bone, lying beneath an ulceration of the skin,

has been discovered. In our own country Dr. -John

Macintyre, of Glasgow, has got remarkable shadow pictures

of the spinal column and ribs of a man. He finds that

the head is easily penetrated, and expects great things

from the application of Eontgen rays to surgery when a

more powerful source of these rays has been obtained.

Experiments have been made by A. M. Bleile upon dogs
in order to determine the cause of death in electric shock.

The conclusion reached is that for a given animal in

normal condition as to health a definite amount of elec-

trical eni'r(jij will produce fatal results. It is thought that

the action of the electrical discharge is to contract the

arteries and increase the pressure of the blood, and that

death is due to inability on the part of the heart to sustain

the increased pressure of the blood so produced. Post-

mortem examinations seem to show that the passage of

the current does not cause any anatomical disintegration.

The results of the use of antitoxic serum in the treat-

ment of diphtheria are clearly indicated by the report

recently issued as to the cases in the hospitals of the
Metropolitan Asylums Board. In 1894 there were 3042
cases and 902 deaths, the mortality per cent, being 29-6

;

in 1895 the number of cases was 3529 and the number of

deaths 796, the percentage of fatal cases being 22-5. The
reduction in mortality of 7'1 per cent., occurring in the
second year referred to, must be attributed to antitoxin.

Observations taken during the second half of the year

1895 by Tacchini, at the observatory of the Eoman College,

show that during this period sunspots have continued to

decrease, with a secondary minimum in November, when
spotless days were observed. The protuberances have
shown very little change during 1895.

Moissan in France has analysed specimens of opium as

used by the Chinese, and finds that the smoke is formed
of volatile perfumes and a small quantity of morphine. It

is the latter which produces the phenomena sought by
opium smokers, and it is said that they do not appear to

find more ill effects from the practice than most tobacco-

smokers, provided that they use the preparation known as

chandu of the best quality. The commercial quality of

opium is, however, very different, and the inferior sorts

when decomposed by heat produce various poisonous com-
pounds. t.^

Some observations of the surface of the planet ^lars

recently made by Prof. Barnard with the Lick telescope

suggest that a possible change may take place in present

ideas as to what represents land and water on Mars.
The so-called " seas " did not appear to consist of seas

and oceans, but seemed to be exactly the reverse. They
were rich in markings which are compared to the aspect

of a mountainous country as seen from a great elevation.

On the "continental" regions irregular features represented

by delicate differences of shade were noticed, but no
straight sharp lines were seen on these surfaces.

A plea for the increased use of imagination in science

was put forward by Prof. R. Meldola in a presidential

address recently delivered to the Entomological Society of

London. That prince among experimental philosophers,
Michael Faraday, used to say, " Let us encourage ourselves
by a little more imagination prior to experiment" ; and
there is a tendency among men of science to-day to act

upon his advice. Science is organized knowledge, and no
mere collection of facts can constitute it. Observation and
experiment are primarily essential ; but we only become
scientific when we compare the facts accumulated, and use
the imagination to generaUze them and to guess at the
principles which they teach. The hypotheses thus arrived

at may be, and often are, wrong; nevertheless, real progress
only begins when facts are sought in relation to at least

the suggestion of a principle.

Mark how extremely fi-uitful has been the late Mr. H. W.
Bates' explanation of the phenomena of mimicry and pro-
tective resemblance among butterflies and moths. While
pondering over the meaning of the remarkable superficial

resemblances among the butterflies of different groups
which he had collected in the Amazon Valley, it occurred
to him that the resemblance might be a real advantage in

some cases. There is, for instance, a beautiful group of

butterflies (the Heliconii) in the South American forests,

which, though they possess conspicuous colouration and fly

slowly and weakly, are not eaten by birds, and are therefore

very abundant. The reason they enjoy immunity fi-om

bu'ds appears to be that they possess a strong and offensive

odour, which is probably combined with a nauseous flavour.

But the curious thing is that certain butterflies of groups
which are not characterized by these disagreeable attributes,

are coloured in much the same way as their less edible

companions, so as to be commonly mistaken for them.
Mr. Bates pointed out the protection from foes afforded

by such resemblances as these, and speculated on the
importance of adaptive colouration in the preservation of

species. The explanation which he sucfgested as the cause
of the phenomena gave vitality to what would otherwise
have been a disconnected and meaningless set of facts ; it

prompted further observation and experiment, and has
resulted in the accumulation of many new instances of the
same principle. The history of science furnishes numerous
similar cases where the use of the imagination has
stimulated enquiry and made for scientific progress, though
few investigators recognize them. The growth of a broader
feeling has, however, lately shown itself; to which state-

ment Prof. Meldola's remark, that " the philosophic
faculty is quite as powerful an agent in the advancement
of science as the gift of acquiring new knowledge by
observation and experiment," will bear witness.

VARIABLE STARS.
By Dr. A. Brester Jz.

SINCE writing my article on red variables and Nova?, =

two remarkable investigations have been published
which are of the greatest importance for the de-

velopment of my theory, and especially in the case
of variable stars.

I have first to mention Mr. Alex. W. Roberts' study of
" close binary systems " in the November Number of the

• iSee KjfOWLEDOK, December, 1895. The results of Messrs. Jewell,
Hiimplireys, and MoUler's investigations as to the effect of pressure on
tlie dii^phu'cnients of spectral lines give a new support to mv tlieorv that
tlie conipounil spc<'truni of a Xova does not pi-ove that it is caused bj
two oppositely moving bodies. Such a spectrum is much more easily

explained, 1 think, bv the great ditfercnccs in depths and corresponding
pressures at which the bright and dark lines originate. (Aslrop/ii/sical

Journal, February. ISiUi.)
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Antiiiphi/siail Journal. Mr. Roberts has chiefly investigated

8 Cephei as a good example of a short-period variable of

constant variation.

Now we know, since J\I. Belopolsky's researches, that in

the case of S Cephei its variation is intimately connected
with a revolution in a very elliptical orbit. But as all

trustworthy observers of this star boar testimony of the

continuous waxing or waning of its light, every eclipse

theory of variation must be rejected. This theory would
also be inconsistent, as Mr. Roberts shows, with the

position of the maximum and minimum phases. Apart
from eclipses, there must be, therefore, another phenomenon
able to cause variability in close binary systems.

That phenomenon, according to Mr. Roberts, is the

increase of heat at periastrou, the heat falling upon the

companion being then in the orbit of S Cephei nine times
greater than at apastron. Mr. Roberts supposes that thir,

greater heat near periastron causes the two stars to be
brightened up by an increase of temperature, the subsequent
cooling near apastron being the cause of the minimum.
But that explanation cannot be granted if the two stars

have some analogy with our sun. A sun cannot rise or

fall one or two magnitudes by changes of temperature in

the space of three days.

But the brightening by periastric heat and darkening by
apastric cooling can be easily understood if we assume that

one of the two stars is a red star with an obscuring cloudy
atmospheric veil, alternately dissipated by the greater heat
near periastron and slowly recondensed again by the
subsequent cooling near apastron. Thus, near periastron

both stars would be visible, and near apastron (at least

clearly) only one. There, as well as in other red variables,

the change of brightness would be caused precisely as the
darkening of our sun is caused by even the smallest

clouds in our sky. If the hypothesis of Mr. Roberts is

thus amended it fits admirably well in my theory, as will

be seen in the following

Classification of Variables.

CI. A.

—

^[ore or lef:s irregular Red ]'iiriahli's a7Hl Nova.—
Single stars internally always red, but covered by
cloudy atmospheric veils, alternately growing thicker by
cooling and then again dissipating by heat, which, due to

the intermittent formation of chemical compounds, is also

produced by cooling. Besides the somewhat capricious

changes of brightness thus caused (always attended with
a bright luminescence of the condensing atmosphere),
symptoms of a more regular periodicity can be expected if

phenomena analogous to those in the Classes B and C are
also working here.

CI. B.

—

Pu'indar Yariahhx iritJi continuousvariation.—Close
binaries with very eccentric orbits. One of the stars is a
red star with a cloudy atmospheric veil (as in CI. A). This
veil is dissipated by the greater heat when the stars are
closest, and re-condenses by the subsequent cooling near
apastron.

a. The plane of the orbit does not pass through the
earth (S Cephei, X Sagittarii, T Vulpecuhc, etc.,

etc.).

b. The plane of the orbit passes through the earth.

Apart from the periastric and apastric maxima and
minima, secondary minima are produced by eclipses

(i; Aquila?, R Sagittie, ^ Lyrre).

01. C.

—

Reyular Variables remainin<i im-ariably brijjht fur
most of the tints, with minima of short duration.—Close
binaries revolving fast in orbits whose planes pass through
the earth, and where eclipses of short duration are the
only cause of the variation.

a. The binary consist of a bright and a dark star

(Algol).

/'. The binary consist of two equally bright stars

(Y Cygni).
('. The binary consist of two differently bright stars

iZ Ilerculis).

\'ariablos with long periods of invariable brightness and
darkness (as arc not uncommon in double stars), though
belonging, in a measure, on account of the cause of their

variability, to CI. C., will bo better classed in a separate
('1. D. ; this class becoming thus finally intimately con-

nected with still another CI. Vj., containing the stars

which, as so many components in double stars, are
varying in colour. The description of the further particulars

of these Classes D and E may be postponed to a later

occasion.

The case of r; Aquibr and R Sagitta^ has been studied by
Mr. iloberts (lor. rif., p. 289). In the case of ft liyrm (if

my explanation is right) the secondary eclipse minimum
must occur in the midst of the periastric maximum. The
cooler variable bright-line companion is then between us

and its primary. So we comprehend why (the major axis

of the orbit being nearly in our line of sight) the bright

lines of the companion and the corresponding dark lines

of the primary have always been observed as exactly coin-

cident during the secondary minimum, and why, before

and after that secondary minimum, these bright lines have
been seen displaced respectively to the red and blue

sides of their dark representatives. During the principal

minimum near apastron no eclipse minimum occurs, because

the eclipsed variable, then being in its darkest state, has as

little effect upon the brightness of the whole system as the

dark companion in the case of Algol. If, however, this

eclipse should be total, the bright lines of the companion,
which are never wholly extinguished, should temporarily

disappear, which phenomenon has been observed indeed

by Father Sidgreaves a few hours before the principal

minimum {Monthly Xot. 54, 2, p. 95).

The red companion being relatively small, and com-
pleting, moreover, by its red, yellow, and green light, the

excess of blue and violet in its primary of CI. In, the

white colour of j5 Lyrse seems thus to be explicable.

The absorption-lines of the companion, though necessarily

hard to see on the relatively very bright and more con-

tinuous spectrum of the primary, may possibly be detected

afterwards. For, according to Prof. Vogel, " especially

good photographs have led to the supposition that with

sufficient dispersion the spectrum of /3 Lyrfe would be found
very rich in lines " (Antr. a7id Astrophijs., 1894, p. 302).

The second investigation, about which I should like to

say a few words, is especially important in connection with

my idea suggested in Knowledge, December, 1895, that

all gaseous nebular spectia may be due to clusters wherein
the great majority of stars are Novas. That hypothesis

demands the existence of clusters wherein numerous stars

should be mutually equal, and very different from those

which are clustered in our neighbourhood. Though this

demand seemed to be in a measure supported by the fact

that stars of the same description show often a distinctly

gregarious tendency, and by Dunlop's and Sir .T. Herschel's

discoveries of clusters wherein all stars are respectively

blue or differently coloured, " like a superb piece of fancy

jewellery" {Ohs. at the Cape, p. 17, a. 102), it has been

quite recently much more strikingly verified by Prof.

Bailey's discovery, at Arequipa, of certain globular clusters

containing an extraordinary number of variable stars

(Astrophijs. Journ., November). In the cluster N. G. C.

6272 no fewer than eighty-seven stars have been proved to

be variable ; in the cluster 5904, at least forty-six. On
the other hand a similar examination of each of the

clusters 6218, 6397, GG26, 6705, and 6752 failed to detect
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among several hundreds of stars in each chister one single

variable.

Prof. Bailey's discovery, which has been independently

confirmed by Mrs. Fleming, Prof. Pickering, and Prof.

Hale, gives most valuable support to my idea ; and that

support is the more valuable because the phenomena of

variabiUty, when caused (as is mostly the case) by cooling,

have much resemblance to the phenomena of Novae. What
we want now is the spectrum of such a cluster rich in

variables. Possibly it will show us the gaseous lines of

its numerous dark stars.

THE NEBULOSITY ROUND 15 MONOCEROTIS.

By E. Walter Maunder, F.R.A.S.

THE original of the accompanying photograph was
taken by Mr. E. E. Barnard in the course of a

photographic study of certain regions of the Milky
Way undertaken by him, at the Lick Observatory,

with the Willard lens of 6-inch diameter and
31 inches focus. He found the region lying north and
east of Orion to be singularly rich in large diffused

nebulosities, of which one connected with 15 Monocerotis

was most especially noteworthy. Commenting on a plate

exposed on January 24tb, 1894, for 2h. 80m., on the field

of which J Geminorum is the centre, he points out" that
" this group of bright stars is mixed up with a knotted and
wispy nebulosity, extending faintly and irregularly north

and westerly to an extent of nearly two degrees. The
nebula is irregular in outline, but quite well defined, with
numerous black gaps running into it, and in general con-

forming with the peculiarities of the Milky Way in that

region," showing it to be actually mixed up with the Galactic

stars, and resembling in this respect a large nebula which
Mr. Barnard has photographed in Cepheus. He draws
attention to a sinuous vacant strip in this region of the

Milky Way running from 1-5 Monocerotis, at first to the

west for some three degrees, and then northerly nearly to

y Geminorum.
The photograph of which Mr. Barnard has kindly sent

a copy for reproduction in the pages of Knowledge, was
taken on February 1st, 1894, with three hours' exposure.

The diameter of the great nebula is roughly three degrees.

Mr. Barnard describes its character as follows :
" It clusters

densely about the groups of stars, and then spreads out in

a weak, diftuse light, with rifts in it, and irregularly ter-

minated along the edges of a vast vacancy in the Milky
Way. The condensation, which is very strong, is not at

15 Monocerotis, but twelve minutes south, preceding that

star, where it becomes a compact mass, with numerous wisps

and holes in it. The whole group of three or four bright

stars are involved in this denser wispy light, but 15

Monocerotis itself does not seem to be particularly con-

nected with the nebulosity further than to be apparently

in it ; that is, there are no indications of condensation

about this the brightest star of the group. This remarkable
nebula—the denser part of it—is worthy of study with a

more powerful photographic telescope."

It will be noted that Mr. Barnard drew special attention

to the suitability of the brighter portions of this remarkable

object for the more detailed study which mii,'ht bo efiected

by a more powerful instrument, and the readers of Know-
ledge have been put in a position to make such a fuller

examination by the courtesy of Dr. Roberts, who supplied

the reproduction of his fine photograph taken on February
18th, 1895, which appeared in the February Number of

the current volume. The scale of Dr. Roberts' photograph,

• Astronomy and Astrophysics, March, 1894, p. 178.

taken with the 20-inch reflector, is almost exactly six

times that of Mr. Barnard's. A rectangle eighty-five

millimetres in height, by eight-one in breadth, with its

lower edge thirty-two millimetres from the lower edge of

the accompanying photograph, and its west side forty-one

millimetres from the corrresponding side of the photograph,

would inclose precisely the same portion of the sky as is

shown on Dr. Roberts' plate.

The two photographs are not, however, for comparison,

in the ordinary sense of the word. They were taken with

widely difierent instruments, for widely datferent purposes
;

and each is, in its own special line, of the highest beauty

and value. The Willard lens brings up the faint widely-

diffused nebulosity which is so striking a feature of the

region, and gives what one may call a bird's-eye view of

the general stellar distribution ; whilst in the delicacy and

fineness of the details of the nebula which it reveals, in the

number of stars shown, and in the neatness and precision

of their images, the photograph with the reflector is un-

approachable. The two photographs are, therefore, in no

sense antagonistic ; rather, they are the necessary comple-

ments the one of the other.

Beside the great nebulosity around 15 Monocerotis, the

photograph shows another of considerable extent dis-

covered by Mr. Barnard whilst sweeping over this region

soon after the opening of the Lick Observatory in 1888.

It is shown very markedly on the plate as an irregular

elliptical mass about thirty-six minutes in diameter. The
position of the nebula is given by Mr. Barnard as

a=6h. 23m. 27s. J= + 10^ 7' for 1860.

The entire photograph covers the region between R.A.

6h. 17m., and R.A. 6h. 45m. ; declination between 5° 21'

and 13" 57' north.

Noticts of ISoolts.

A Naturalist in Mid-Africa, beina an Account of a

Journey to the Mountains of the Moon and Tangamjiica.

By G. F. Scott Elliot, M.A., F.L.S., P.R.G.S. (Innes.)

Eii))horbiiis ol tlh- AIIhti l.awai-.i I'Imiii-*. i'lviu " A .Natiiniii.'-i

in Mid-Africa."

Illustrated. 163. Mr. Scott Elliot's object in under-
taking the expedition of which this book is a description

was entirely a botanical one. Unlike most books of travel,
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we are not weariocl in the one before us with minute
descriptions of each day's march, and the book will prove
interesting reading to everyone. Beyond this it is full of

valuable information and shrewd conclusions bearing on
the natives, natural history, and general aspect of the
region traversed. The author seems to have been greatly
hampered by fever and other ills, and although the results

of the expedition are not startling, a considerable amount
of useful work has been done. The book is provided with
two maps—one, showing coflee zones and areas fit for

colonization, being particularly instructive. Although the
illustrations, which are taken from the author's photographs,
are not very successful as pictures, they are very useful in

showing the characteristics of the country. Altogether the
book is a valuable one, and especially so to naturalists and
those (and who is not '?) interested in Africa.

Binis from Mnidmi and Klxt'iclniv. By Mrs. Hugh
Blackburn, (l^dinburgh : David Douglas.) Illustrated.

The illustrations occupy the bulk of this volume. They
have been exceedingly well reproduced from drawings
by the author, mostly from life. Some of ihe drawings
are excellent—perfectly natural and accurate—notal)ly

those of the tawny owl on page 28, and the guillemot on
page 102. A good many of the drawings, however, are
stiff and unnatural. Although limited, the text has con-
siderable value, as Mrs. Blackburn has written solely from
personal observation. Moreover, she has had many
opportunities for observing rare birds. These observations
have been faithfully recorded, and on this account the
book will prove of undoubted interest.

The Structure and Bevehipmcnt of the ]\[()sses and Ferns.
By Prof. D. H. Campbell, Ph.D. (Macmillan.) Illus-

trated. 143. Within the past ten years a large number
of investigations have been made upon the structure and
development of the numerous plants included under the
name Arehegoniatffi. " The present work was undertaken,"
says Prof. Campbell, " mainly for the purpose of presenting
in somewhat detailed form a resuwr of the substance of the
great mass of literature upon the subject which has accu-
mulated, and much of which is necessarily out of reach of
the many botanical workers who have not access to the
great libraries." The author himself has greatly assisted
in extending and improving the knowledge of the Arche-
goniates, and some of his papers form the basis of this

book, while the results of researches upon representatives
of most of the groups discussed are now published for the
first time. The book thus possesses the sterling ring
which results from personal observation, and is thereby
distinguished from mere compilations. IJotanists should
be grateful for this solid and comprehensive contribution
to the literature of the Archegoniate series—the best that
has appeared for some years. Prof. Campbell's work will

be long recognized as a standard one for students of the
structure, development, and inter-relationships of the lowly
but important families of plants described in it.

Our Homehold Tn.iects. By Edward A. Butler, B.A., B.Sc.
(Longmans.) Illustrated. Mr. Butler's writing is too well
known to readers of Knowledge to need any eulogium on
our part. The book before us is an interesting series of
articles, which originally appeared in Knowledge, on the
insect pests found in dwelling-houses. Although the book
is mtended primarily for the novice, it will, no doubt, be
of considerable service to more advanced students of ento-
mology, because it brings together information which has
hitherto only existed in a scattered form. The illustrations,

which have been prepared from microscopical slides, are
excellent, and the book deserves every commendation.

Bi/ Tanf/M Paths : Stray Leaves from Nature's Byewai/s.

By 11. Mead Briggs. (Warne.) Illustrated. Rather a
mixed collection of short essays is brought together in this

book. The author's style is quaint, and is rather suggestive

of " padding." But it is pleasing in parts, and although
the book will not bear close reading it makes a delightful

volume to skim through. Birds form the chief sulaject,

but the author makes frequent digressions and often strays

from "nature's byeways."
Tlie Story of the Solar Si/stem. By George F. Chambers,

F.R.A.S. (George Nownes, Ltd.) "illustrated. Is. This
little book provides accurate and interesting reading on
planetary astronomy at a price within the reach of every-

one, and we trust that the publisher's enterprise and the

author's work will be rewarded by a large sale. ' 'Astronomy,
like charity," someone has said, "should begin at home "

;

and the remark has much to commend it. Therefore we
say to those persons who wish to commence the study of

astronomy. Procure this descriptive and practical accoimt
of the astronomical home-circle, and you will derive from
its perusal a sound foundation upon which to erect future

knowledge. We are glad to be able to state that the

illustrations in the present book are far better than those

of the companion volume, in which the " Story of the

Stars " is told.

A Laboratory Course in Experimental Physics. By W. J.

Loudon, B.A., and J. C. McLennan, B.A. (Macmillan.)

Illustrated. 8s. Od. It may be possible to write a perfe.;t

book on experimental physics, but it has not as yet been
accomplished. It is, therefore, not invidious to say that in

this volume, which in many respects is well presented,

there exist blemishes which could have been avoided. The
book is divided into two courses, ofjwhich the former deals

with instruments for measuring lines, hydrostatics, optics,

and heat in a very elementary way. The latter treats of

sound, of heat more fully, and of magnetism and electricity.

At the end there are short additions on gravity determina-

tion and on the Torsion Pendulum ; and, of course, there

are some tables borrowed in the usual way, and not

always transcribed with perfect accuracy. The chief fault

in the book is that, in spite of its title, it is written too

much from the theoretical standpoint. In the hydro-

static methods of determining specific gravities no instruc-

tion is conveyed on the important correction rendered

necessary by the buoyancy of the air, neither is anything
said about volume determinations by the hydrostatic balance.

But probably the optical portion of the book is the least

satisfactory. The use of the collimator in goniometrical

work seems to be quite misapprehended. The instructions

imply (and a figure actually supports this view) that only

a narrow beam of light issues from the lens, as from a

slit, for the student is told to carefully place the edge of

the prism accurately at the centre of the instrument. The
optics are, in fact, far from practical. But acoustics and
heat are handled more completely. The many practical

points which have actually to be attended to are either not

noticed at all or only in a very incomplete way. The authors,

however, make an observation in describing the determi-

nation of magnetic inclination from which the Kew
Committee of the Royal Society may derive illumination,

viz. ; that if the instrument is turned through two right

angles to eliminate certain errors for which that operation

is necessary, then other errors, for the correction of which
directions are given in the Kew system to reverse the

needle on its agate bearings, also disappear, so that this

latter operation really is waste of time.

Consider the Heavens: a Popular Introduction to Astronomy.

By Mrs. W. S. Aldis. (The Rehgious Tract Society.)

Illustrated. 2s. 6d. " The heavens declare the glory of
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God, and the firmament sheweth Hia handiwork." This

appears to have been the text which Mrs. Aldis had in

mind when preparing the book before us. Taken altogether

the Biblical quotations aptly illustrate the points in con-

nection with which they are employed, and the book loses

nothing by their use. We have carefully gone through the

test, and have come to the conclusion that it is admirably
and accurately composed. The chief criticism we have to

offer applies not only to this book but to others of a similar

kind ; it relates to the practice of using without acknowledg-

ment the ideas of other authors. Anyone famihar with

astronomical literature will have no dititiculty in naming
the sources from which Mrs. Aldis has drawn much of her

information. For instance, an impressive word-picture

drawn by Young to convey an idea of the intensity of solar

radiation is used on page 50 without a line of credit to the

originator ; and there are many similar cases. We think

that the authoress should have given references to the

works of a modern philosopher like Young, just as much as

she does to those of the prophets of old. A half-dozen

or so excellent illustrations brighten the pages of the book,

but the remainder of the twenty-nine are either old friends

or line diagrams, and are not worthy of the text. Taken
as a whole, the book is a remarkably clear and easy guide

to astronomy, and one for which we anticipate a successful

career.

Evolution, and Man's Place in Nature. By Prof. Henry
Calderwood, LL.D., F.R.S.E. 2nd Edition. (Mac-
millan.) Illustrated. 10s. The Present Erolution of Man.
By G. Archdall Reid. (Chapman and Hall.) 7s. 6d.

The first edition of Prof. Calderwood's book appeared in

1893, and though it received some adverse criticisms from
materialistic reviewers, it secured the approval of many
readers and thinkers interested in the philosophical aspects

of evolution. The present edition is practically a new
work, for, in order to meet the demand for a detailed

statement of the evidence upon which his conclusions are

based. Prof. Calderwood has rewritten almost the whole
of the matter, and has added nine new chapters. The
purpose of the volume is to show that the history of mind
is distinct from the history of organism. We cannot do

better than give the authors own words to define his

position :

—

" The erolutiou of brain," he says (p. 293), "as represented in the

successive stages of the monkey, the ape, and man, has proceeded in

accordance with the history of cvohition in the lower order of

vertebrates. Tliese three higher stages, in so far as they ilhistrate

continuity of organic life, are accounted for by the cosmic process

whicli has had constant application to animate life. The marked
superiority of the human brain arises in part from the erect jiosture,

with disuse of tlie fore limbs for locomotion and their application

to industrial effort ; in part from use of the organ for fulfilment

of rational purpose. Intellectual activity, unexplained by organic

functions, has given a new develoijment to human organism, making
brain the organ of mind, and effecting a combination of forces,

physical and intcHcctual, found nowlicrc else in nature."

There ai-e many who believe that the rational and moral
nature of man has not been evolved in the same way as the

bodily organism and the lower mental nature ; and they

will find pleasure in going through the mass of evidence

brought forward in support of that view. " The grand
distinction of human life," to again quote the author, " is

self-co7itrol in the jiAd of action," and in that fact lies the

key to the elevation of mankind. To readers used to

concise statements, the author's diffuse style will be

annoying ; but in spite of this they will find that the

volume will considerably broaden their views of life, and
show them the reality of processes not referable to proto-

plasm.

Dr. Reid's volume is somewhat similar to Prof.

Calderwood's, inasmuch as it deals not only with man's

physical evolution but also with his mental evolution.

The work is divided into two parts : one dealing with
the problem of evolution Ln general, and the second
applying the conclusions arrived at to the problem of

man's present evolution. P'oUowing Weismann, Dr.
Reid holds that acquired traits, both physical and
mental, are never transmitted, and he brings forward
many original arguments in defence of his position and
against the views of Mr. Herbert Spencer. Students of
biology, broadly understood, and psychologists will find

the first section of the volume well worth reading,
and general readers will derive from it a fund of informa-
tion on many biological problems of the present day. As
to the second part, we think that the theory advanced
therein is undoubtedly valuable. From the conclusion
that men perish mainly by disease, the inference is drawn
that man's present evolution must be principally against
disease. To take an example : we are able to live in a

climate which is fatal to the inhabitants of much the
greater part of the world, while, on the other hand, the
west coast of Africa is an unhealthy region for us.

The explanation of this is, pace Dr. Reid, that our race,

which is able to persist under conditions adverse to other
races, has undergone an evolution in relation to tuber-
culosis fully equal to the evolution against malaria under-
gone by the West Africans ; in other words, races become
acclimatized by natural selection to the conditions of the
areas in which they live. The immunity thus gained is

held to result solely from inborn variations. Besides
diseases there are agencies, such as alcohol, opium, hashish,
and other narcotics, all of which assist in the elimination
of the unfit. Dr. Reid exhibits the effects of each of these
causes on " the present evolution of man," and points to

the lessons they teach as to the directions of development
in the future. We have read his work with pleasure, and
pronounce it worthy the attention of all who are interested
in the teachings and consequences of evolution.

Manual of Lithology. By Prof. Edward H. Williams,
jun., E.M., F.G.S.A. (John Wiley i^- Sons : Chapman i^

Hall.) Illustrated. In this second and very considerably
enlarged edition of a valuable manual of lithology, the
principles of the science are treated with special reference

to megascopic analysis. The engineer and prospector
could hardly desire a more systematic and practical hand-
book to the rocks than this, and, in our opinion, no
student should devote himself to the study of petrography
before he is familiar with the facts herein contained.
Work with the unaided eye (megascopic analysis) should
always precede the microscopic analysis of mineral
constituents of rocks ; in other words, lithology is the
natural introduction to petrography, spite of the separation
brought about between them by the microscope. Before
dealing with Uthology proper, which treats of rocks as
mineral aggregates, the author touches upon that branch
of the subject—mineralogy—which is concerned with
individual components, by devoting a chapter to rock-

forming minerals. An excellent collection of definitions

relating to the association in nature (geological), minera-
logical and physical states of rocks, and a brief statement
of theories of rock formation from fluid magmas introduce
the section on primary or eruptive rocks. Secondary and
metamorphic rocks are successively dealt with in two other
sections of the volume. Finally there is a chapter on
minerals as rocks, and one on the economic value of rocks

;

while six plates exhibit the megascopic structure of the
surfaces of thirty-six rock specimens. To the student of

structural geology, and to practical men, Prof. Williams'
manual can be confidently recommended.
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Imect Life. By Frod. V. Theobald, IM.A., F.E.8.
(Metliuen.) Illustratod. This book, which is one of the
University l''xtension Series, sets forth very clearly and con-
cisely tlie chief characteristics and economic importance of
the different orders of insects. It also deals with the life

history and structure of many interesting species. Two
useful appendices are added, the one on different ways
of destroying insect pests, while the other comprises a list

of the most important works on special groups of insects.

Mr. Theobald's book will be found of groat use to those
who want to gain a general knowledge of insect life.

BOOKS EECEIVED.

Text-boot of Comparative Anatomy. By Dr. Arnold Liing.

Translated by"]!. M. Bernard, M.A., and Matilda lievnard. Part II.

(Mneniillan.) lllustnitcd. 17s. net.

The Astronomii of Milton's " I'aradixe Lost!' By Thomas N.
Orchard, M.D. (Longmans.) Illustrated. \h%.

British Hea Birds. By Charles Dixon. (Bliss, Sands, & Foster.)
Illustrated. 10s. 6d.

A Handlionk to the Birds of Great Britain. By B. Bondlcr
Sharpe, LL.D. Vol. Til. (Allen.) Illustratod. 68.

Our Countrt/'s Butter/ties and Moths. By W. J. Q-ordon. (Day
& Son.) Illustrated, (is.

Historical and Future Kclipses. By Rey. S. J. Johnson, M.A.,
F.R.A.S. New ICdition. (Parker & Co.") Illustrated 4s. 6d.

The Composition of E-rpired Air and its Elfects upon Animal
Life. By J. S. Billings, M.D., S. Weir Mitchell, M.D., and D. H.
Bergey, JI.D. (Washington : Smithsonian Institute.)

A Lnloratorji Notebook of Jilementan/ Practical Fhi/sics. By
L. R. Wilberforeo, M.A., and T. C. Fitzpatrick, M.A. (Cambridge
ITniyersity Press.) Is.

•Tames Clerk Maxwell and Modern Phi/sics. By R. T. Grlazebrook,
F.B.S. (Cassell.) The Century Science Series. Illustrated. 3s. 6d.

[The ^Editors do not hold themselyes responsible for the opinions or
statements of correspondents.]

ELECTROGRAPnY.
To the Editors of Knowledge.

SiES,—I read Mr. J. W. Giflbrd's article on electro-

graphy in the April Number of Knowledge with great

interest. I should, however, like to draw your readers'

attention to the fact that the electrician Hertz, mentioned
in this article, was not a Swiss but a great German
professor.

He was born on February 22nd, 1857, in Hamburg,
and after having studied in Jlimich and Berlin (under
Helmholtz) he became, in 1885, Professor of Physiology in

Karlsruhe, and followed Clausius in 1889 at Bonn, where
he died on January 1st, 1894, after a short but brilliant

career.

North Woolwich. E. Wohlwill.

ZODIACAL LIGHT (?).

To the Editors of Knowledge.
Sirs,—Your correspondent, Mr. Lyon Browne, will find

a very similar appearance to that seen by him on the 4th
of March described as seen by Dr. Brauner, of Prague, on
the 13th of the same month, in Nrrturr for March 28th,
except that Dr. Brauner saw five streaks instead of one.

And if he will refer to Knowledge for 1883 he will find

similar appearances described by Captain Noble and Mr.
Bradgate as seen by them (at different hours) on the night
of August 28th, 1883, and by Mrs. Harbin on September
21st, 1883, except that these appearances were in the
eastern, not the western, horizon. I saw a similar appear-
ance in the east on the 4th of September, 1885. The
phenomenon appears to have been taken on other occasions

for a comet or comet's tail by Mr. Eddie, at (Trahamstown,
and by Mr. Edwin Holmes ; and a similar mistake seems
to have occurred so far back as the year 1761, judging from

the Annual. Eajister of that year. By others (myself
included) it has been mistalcon for a meteor or meteor-
track, but its real character has yet to be explained.
Possibly it is more akin to the Aurora Borealis than to
comets, meteors, or the zodiacal light. It would be
interesting to know whether there were any electric or
magnetic disturbances on the nights when it has been
noticed, of which we may safely set down August 28tli and
September 21st, 1883, September 4th, 1S85, and March
4th and 13th, 189(i. It seems to appear in the east in

autumn and in the west in spring, if we may judge from
the few observations that I have been able to collect.

Perhaps sonic of your readers may be able to add others.

W. H. S. MoNCK.—.-•-.

—

To till' Kditors of Knowledge.
Sirs,—I also saw the phenomenon described by Mr.

Lyon Browne in the April Number of Knowledge. It was
about 8.55 p.m. when I first noticed an unusual streak of
light in the west. I watched it with a field-gliiss for

quite twenty minutes. At 9.20 it had become exceedingly
faint and ill-defined, and a few minutes afterwards had
disappeared. It appeared to me a broad column of light,

sloping towards the south at an angle of about sixty degrees
with the horizon. Its base was (as your correspondent
states) about five degrees in width, and appeared to spring

from a bank of clouds low down. From this base the light

extended upwards about twenty or twenty-five degrees,

tapering gradually to a point, which, however, was very
faint and indefinite. The margins of the light were fairly

distinct. The said margins appeared to be very slightly

curved, so that the light had the shape of a spear-head, or,

more exactly, the outline of the section of a thin double
convex lens. Its brightness was considerable. It was
much brii/hter than the MilJnj Way, and looked more like

moonlight when it struggles through cloud or mist. I am
not quite certain that it moved slightly towards the south,

but I am quite sure that at nine o'clock its northern border

towards the apex was nearly touching two bright stars near
together and below the Pleiades, but that about ten minutes
later it was two or three times its own diameter to the south

of them. Now what was this light '?

I see that someone writes to the English Mechanic

confidently describing it as an " auroral streamer." I

have seen Aurora frequently, but never like this. On the

other hand I have never been able to see the zodiacal

light, which is always described as very faint and difficult

to observe, so that I could hardly believe I was actually

beholding that difficult object. And yet its shape, position,

and inclination ?

Iron Bridge, Salop. T. Law Webb, M.R.C.S.
27th March, 189G.—i * I

To the Editors of Knowledge.
Sirs,—I should like to say a few words in reference to

the " unusual phenomenon " observed on March 4th, and
described by Mr. W. L. Browne, jim., in your April

Number. I feel no doubt in my own mind that it was
an auroral streamer, an impression confirmed by two
letters in the Ew/lish Mechanic. My attention was called

to it here at 9.15, shortly before it faded away, but it was
visible for about an hour previously. Had I been able to

watch it from the first I might have detected some motion.

At 9.15 it was nearly due west, the sky being cloudless,

with a little mist on the horizon. I find that it was noticed

in other places in England, and that a discussion took

place at the meeting of the Eoyal Astronomical Society on

the 13th as to its nature. I may add, as confirming my
own conviction, that it singularly resembled a beam of

light which I observed last year in nearly the same



May 1, 1896.] KNOWLEDGE 113

position on March 13th, when Aurora was also visible in

Scotland and the North of England—one observer stating

that at 8 p.m. the whole of the northern sky was full of

Aurora. Why these appearances were only seen in our

more southern latitudes in the west instead of in the north

is a question which requires explanation. It is possible

that there may have been glows over the north horizon

contemporaneously, but this locality is too much obscured

by trees to observe them. E. Brown.

Further Barton, Cirencester.

To the Editors of Knowledge.

Sirs,—The appearance described in Mr. W. L. Browne's

letter in the April Number was seen here. We saw the

streak of light, as he describes it, issuing from behind a dark

cloud on the west-north-west horizon, bright enough to

attract attention through a screen of trees, on March 4th.

It fided in about ten mmutes from the time we first noticed

it ; it was, however, 9.20, not 8.30, when we saw it. It

was not so long as Mr. Browne describes it. I should

have said that it did not extend so much as a third of the

way to the zenith, but the upper part may have been

hidden by cloud. The sides were well defined and parallel,

but, as I remember it, it was slightly inclined to the horizon

from north to south. One would have thought it a search-

light, but for its coming from behind the cloud, and the

fact that there was no place in that direction where such

a thing could be. W. H. A. Cowell.

St. Edward's School, Oxford,

April 2nd, 1896.

To tJie Editors of Knowledge.

SiRs,^—Although the weather has of late hindered astro-

nomical observation, I have seen the zodiacal light several

times during March, and read with great interest Mr. Lyon
Browne's letter iu your April Number. It may interest

your readers to hear that it was most distinct on March
30th, but it was fan-shaped, and not nearly so bright as

when seen by Mr. Browne at Shrewsbury. It was quite

distinct from 7.30 to 9.30, and stretched fully half-way to the

zenith when viewed with the naked eye ; and with the aid

of my telescope I thought I could discern it even further.

On the north-west horizon it was about five degrees in

breadth, but increased greatly as it got nearer the zenith.

32, Primrose Hill Road, W. G. Busz.ujd.

London, N.W.

[Observations which have come more recently to hand
show conclusively that the remarkable light seen on March
4th by Mr. Lyon Browne and so many other observers was
auroral in character. From the first it was quite clear

that it was not a comet ; it was seen too late in the evening
to have been a " sun pillar," as some of the observations

referred to by Mr. Jlonck may possibly have been ; and
though its direction, as described, coincided as nearly as

we could expect with the axis of the zodiacal light, which
was distinctly seen the same evening, yet its appearance
was quite difl'erent from the faint, broad, lenticular-shaped

glow which the zodiacal light usually presents. There
was an unmistakable Aurora seen later in the evening,
and some observers were able to follow out clearly the
connection between the two. The instances of similar
strange lights which Mr. Monck mentions were none
of them coincident with large magnetic lluctuations,

except that of September 4th, 1885 ; and even in that
case the magnetic disturbance fell rather later than the
observation of the light.—E. Walter Maunder.]

SUJ^^ PILLAK.

To the Editors of Knowledge.

Sirs,—The sun pillar was visible here at 6.20 p.m. on

March 31st.

The sky was light red inclining to orange, and the

noticeable feature m the column rising from the sun was

that it was formed on ( apparently) and was transverse to

the long level bars of cirro-stratus crossing the western

sky.

No cumulus was visible.

The column appeared slightly tremulous. It was more
defined at the edges and slightly narrower than that

figured by me in Knowledge, .lune, 1895.

On the following day there was a thick drizzle of rain.

Seasalter, Whitstable. (Eev.) Samuel Bakber.—I * I

—

To the Editors of Knowledge.

Sirs,—On March 27th a sun pillar was visible here

from ten minutes past six until shortly after sunset. The
sun was shining between cirrus clouds, and the pillar, of

the same width as the diameter of the sun, shaded off

gradually through similar clouds. Its colour was a faint

yellow.

A brilliant appearance of the so-called " sun-dogs

"

was seen from several places in this locality on the same
evening.

At the time, and throughout the following day, a cold

north wind was blowing. Heavy rain fell during the

night, but since the weather has been fine and dry.

Exeter. W. E. Besley.

WAVES.-V.
THE TIDE WAVE.

By Vaughan Cornish, M.Sc.

THE attraction of the moon or of the sun is equally

exercised upon all parts of a sheet of water of such

size as the Mediterranean, so that scarcely any
tide wave is raised there ; but in the Pacific Ocean,

which is the chief cradle of the tides, the attraction

of, say, the moon, is at any moment appreciably difl'erent

in diiferent parts, and the waters heap themselves up into

a long, low hillock, which follows the moon in her apparent

motion from east to west, traversing the ocean at vast

speed as a forced long-wave. Two such billows are formed

by the moon in each twenty- four hours, for when the

moon is on the opposite side of the earth the solid globe

is pulled away from the waters, leaving them heaped up,

so that the result is much the same as when the moon is

overhead. The long, low, billows which are formed by the

moon's action in the equatorial regions where the ocean

girdles the earth, travel on as free waves into the higher

latitudes, penetrating every open sea and channel. These

free tide waves run under the action of the earth's gravity,

almost exactly in the same way that the solitary wave
travels on in a canal when the motion of the canal boat

has been arrested. Like thf solitary wave formed in

canals the tide wave is a long wave, for the moon's
attraction being practically equal at the surface and at the

bottom of the sea, the motion of the water particles is the

same at the bottom and at the surface. The motion of

the water is mainly a backward and forward swing, the

vertical motion being very small compared with the

horizontal motion. The rapidity with which such n wave
travels when left to itself—or rather to the force of the

earth's gravity—depends upon the depth of the channel,

because the deeper the channel the smaller is the quantity

of water which has to be transmitted through each unit of
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cross section in order to maintain the hillock upon tlie

surface. In the deep waters of the open ocean the heif,'ht

of the tide billow is very small—say, from one to three feet.

As the wave approaches the shallowing slope of the shore

the front of tho billow is retarded wliile the hinder parts

press on, and the height of the wave is thereby increased.

The height of tho wave is also increased when it roaches a

narrowing channel in which the billow is laterally com-
pressed. Thus the highest tides arc not in the open ocean

where the tides are generated, but in the distant channels,

bays, and inlets, where the tide wave penetrates after the

moon has left it to run its course. Once every twelve

hours, as we have seen, the moon raises a billow and
drives or drags it forward as ;i pulse of water in the

southern oceans, much as the heart, in its rhythmic beat,

drives the blood-pulse into the arteries. r>ut, whereas the

blood-pulse runs the whole length of the artery, and is lost

in the capillaries before the next stroke of the heart

sends out a second pulse, the tide wave, on the other

hand, has not reached the most distant shores when
the next succeeding pulse of water is set going by the moon.
The tide wave of which the crest may round the Cape of

Good Hope at noon, travels up the west coast of Africa

and reaches the Azores about midnight. By this time it

is followed by a second pulse, which is now rounding the

Cape. It is four o'clock in the morning before the

crest of the first wave has reached the entrance of the

English Channel, where the shallower water makes it

travel slower. It takes another six hours to run the length

of the Channel, reaching the Straits of Dover at 10 a.m.,

where the height of the wave is considerable, owing,

partly, to the narrowing of the Channel. Thus, at

Dover the water rises twenty-one feet, and this occurs

at Dover about six hours after the wave crest passed the

Land's End. Now, the next incoming tide billow on

its way from the Southern Ocean has not yet got as far as

the Azores, and the water at the entrance to the Channel
is at a low level—this being, in fact, the position of the

trough between two succeeding tide billows. Therefore,

when we have the water heaped up (and pent up, too,

for the Straits are narrow) near Dover, the water being

low at the other end of the Channel, the action of the

earth's gravity sets a long wave travelling back from
Dover towards the Land's End ; and this is the ebb tide

in the English Channel. The time which a free long

wave takes to travel the length of the Channel being

about six hours, the return wave will at 4 p.ji. have
emptied the Channel of nearly as much water as was sent

in by the tidal billow.

This is just twelve hours since the last tidal billow

arrived at the mouth of the Channel, and at this moment
the next billow comes running in from the South Atlantic,

and " the tide " again runs up Channel. Thus the natural

period for the passage of a free long wave up and down
the Channel coincides with the interval between two tide

pulses. Were it otherwise—if, for instance, the tide were
ebbing from Dover, and at the same time the crest of the

succeeding pulse were, say, at Portland—the rise and fall

of water in the Channel would be much less than is

actually the case. As it is, what happens in the Channel
can be well illustrated by sending a wave along a trough

by tipping up one end, and keeping the wave going back-

wards and forwards by again gently tipping the same end of

the trough just as the wave returns to where it started from.

It will be noticed then that there is a considerable rise

and fall of water at each end of the trou,i;h, with little

horizontal motion there ; at the middle point there is

hardly any rise and fall, but a considerable horizontal

swing of the water. The same thing happens in the

Channel. The rise at Dover is twenty-one feet ; at Portland

the rise and fall is scarcely perceptible, but here are the

strongest tidal currents, forming the well-known Portland

Race, which rushes (eastward on the Hood and westward
on the ebb) past the rocky promontory, leaping and
foaming over tho "Ledge" in a wild turmoil of w/iter,

dreaded by the mariner, but fascinating to the watcher of

waves—when he is on timi firma. We shall have more to

say about the Portland llacc in our next article, when we
are dealing with waves in running water.

We traced the tidal billow on its rapid course up the

South Atlantic as far as the south-western coasts of the

Lritish Isles. Here the wa\o divides, and while one part

runs up the English Channel as we have described,

and is nearly, though not quite, stopped at the Straits

of Dover, the other half takes a western course, swings

round the North of Scotland, and travels comparatively

slowly—say forty miles an hour—along our eastern coasts

in a southerly direction. It is this part of the original

tidal billow which furnishes the greater portion of the

wave which once in every twelve hours enters the tideway

of the Thames. In this comparatively short tideway of,

say, seventy miles, there is never more than one wave
crest at a time, the free long wave running up to

Teddington Lock and back again to the entrance of the

tideway before the next tidal billow reaches the Nore.

In a long tideway, such as that of the Amazon, the case

is different, for there are at any moment a number of wave
crests travelling up the channel. They enter the mouth
of the tideway at intervals of twelve hours, and follow one
another up the river as a train of "solitary" waves; but

between each pair of crests is, not a fiat surface, but a

trough, which is the negative, or inverted, crest of the nega-

tive, or ebb, tide wave. Where the billows or hillocks are,

the current runs up stream ; where the hollows are, the

water runs down stream.

Neglecting, at first, the effects of the shallowing of the

river channel and of friction, we may represent by Fig. 2

the wave of flood tide followed by the wave of ebb tide,

but necessarily with an exaggerated height ; the arrows

show the direction of the flow of water during flood and
ebb tide. Let us deal with the tide in the Thames, and
suppose an observer to place himself at London Bridge.

When the point A is opposite to him it is slack water
;

when A has passed the current begins to flow up stream

—

slowly at first, and afterwards more quickly, the level of

the water on the banks rising the whole time. AVhen 15,

the crest of the wave, is opposite, it is high water at London
Bridge, and the up-stream current is at its strongest. When
high water has passed the current continues to jloir up stream,

but at diminishing speed, the level of the u'alcr fnllimj all tlie

while, until when the point C is opposite the post of obser-

vation slack water is reached. The current then turns,

and flows down stream, slowly at first but gaining speed,

the level of the water continuing to sink until the point D
is opposite, when it is low water and the stream of ebbing

tide is running its fastest. From that point the level of

water begins to rise while the current continues to run

down stream. When the point E is opposite the post of

observation it is again slack water and the tide current is

on the turn; the point E corresponds with point A, and
the cycle of phenomena which we have described begins

again.

The effect produced by the shallowing and narrowing of

the river as we proceed up stream, and by friction with

the banks and bottom of the channel, is to retard the

progress of the front of the wave as it travels up stream

while the hinder part of the billow presses on, so that the

front of the billow becomes steeper than the back, much



May 1, 1896. KNOWLEDGE 115

as in the case of the wind waves of the sea when they
reach the shallowing slope of the shore. A very noticeable

result of this shortening of the front part of the billow is

that on the flood tide the interval between slack water and
high water is shorter than it would be if the form of wave

were as shown in Fig. 1, and that on the ebb tide the

interval from high water to slack water is longer than the

corresponding interval on the flood tide.

^Vhen the channel of a river narrows very rapidly the

front of the tide wave becomes so short and steep that a

hore is formed, in which, at last, we have the tide wave as

a visible billow. In studying the tide waves of sea and
ocean, and even of most rivers, we are at a disadvantage

from the fact that the slope of the billow is so gentle and
the length of the billow so great that the progress of the

wave crest cannot be followed by the eye, and we are apt

in actual observation to forget the invisible wave propaga-

tion while noticing the phenomena of rise and fall and of

currents. This difBculty, which at first besets the study

of the tides, is the converse of that met with in studying

the wind waves of the sea, in which the progress of the

wave crest fascinates the eye while the motions of the

water as the wave crest passes elude the observation.

The River Severn af-

ords a fine example of the

bore, which is to be seen

also in many other rivers

which have a funnel-

shaped estuary. When
the channel of the river

is very shallow at the

sides, and bordered at low

tide by broad flats of mud
or sand, the phenomenon
is particularly fine ; the

wave, which moves as an
unbroken wall of water up

the deep part of the

channel, breaking in the

shallow parts, and the

water then rushes over the

flat sands in a roaring

surf. Our illustration

(Fig. 2) shows the Severn

Bore a few miles below

Gloucester, at a place

called Stonebench, where
a ledge of rock projects

into the stream and probably causes the breaking of the

wave near the left bank of the river. The bore is not the

whole of the front slope of the tide wave, for after the bore

has passed the level of the water continues to rise, the cur-

rent flowing rapidly up stream. At a distance of about six

miles below (Uoucester the rise of level has been observed

to cease about one and a half hours after the passing of

the bore. At this time the current is still flowing slowly up
stream. In about a quarter of an hour the current turns sea-

ward, running slowly at first but soon gathering strength,

until it attains a speed seldom met with in other rivers.

The d'/rc of the Trent is another line example of the

bore in a tidal river.

Having now traced out the somewhat complicated

connection between the rise and fall of water level and
the direction of current in the tide wave of rivers, we
are in a better position to explain the tidal currents of the

English Channel, and their relation to the times of high and
low water on the coast.

In mid-Channel the course of events is very simUar to

that in a river, viz., when it is high tide there the current

is running its strongest up Channel ; it continues to run
up till half tide, then turns, and is running down Channel
most swiftly at low tide. Close in shore, especially in

bays, matters are very different. The front of the tidal

wave as it runs up Channel is of course curved, for the

sides of the Channel are shallow, and there the motion of

the wave is retarded. Just as in the case of ordinary

wind waves, the crest swings round and advances dead
on shore. Hence, when the tide is flowing in the Channel
the current 7iear the shore is running towards the shore.

At high tide, the crest of the wave being reached, the

waters close on shore can flow no further, for they are

stopped by the shore as by a wall ; consequently it is

slack water close in shore at high tide. After high tide the

current here turns and flows ofl' shore. At a position

intermediate between mid-Channel and the shore the course

of the currents is a compromise between these we have so

far described. At low water the stream is down Channel

;

then, as the tide rises, the current is partly down Channel
and partly shorewards. At half flood tide the current is

directly towards shore ; at high water directly up Channel,
then partly up Channel and partly off shore ; at half ebb
directly oS shore, and at low tide again directly down

Fio. 2.—The Severn Bore from Stonebench.

Channel : so that in the course of one complete tide the
current flows towards every point of the compass in turn.

The work of the tides in the transport of sand and
shingle, mud and silt, does not in its details come within

our present scope, but a few points must be touched upon
which serve to illustrate the matters we have dealt with in

this article.

In tidiil rivers mud and silt is deposited at each
portion of the tideway in succession when slack water
occurs there. In this respect the navigation of tidal rivers

presents a disadvantage as compared with rivers which
flow into non-tidal seas, in which the uninterrupted current

carries away the mud and silt. This, however, is deposited

off the month of the river, where the force of the current
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is lost ; ami in tidelcss seas, where there is no scour of

coast tide-current to remove the deposit, the month of the

river becomes choked.

Anything which tends to chock the passage of a tide

wave up or down a river has, generally, a bad ellbct upon

the channel, increasing the deposit of mud. The re-

moval of old London Bridge, with its numerous piles and
broad foundations, considerably improved that part of the

tideway of the Thanies, by enabling the llood tide to How
up more freely and by increasing the scour of the ebb.

In the transport along the coasts of the sand and
shingle which are formed by the action of the breakers,

several circumstances concur to prevent the action of the

tides from being simply a reciprocating removal and
restoration of material, such as the oscillatory character

of the tide might lead one to expect. Not only is the ebb
tide not necessarily the exact reproduction of the flood

tide, but the coasts are not symmetrical cither in form

or material with respect to the direction of How of the

tides. l\Iaterial is in general scoured off the promontories,

where the currents run strongly, so that no beaches are

left, and is deposited at slack water {i.e., at high tide) in

bays and inlets. The transport is to some extent in both

directions from a headland, but chiefly in the direction in

which the tide runs most strongly, or in which the wind
exerts most force (from west to east in the Channel, and
from north to south on our east coasts). The prevailing

trend of tidal transport on our southern and eastern

coasts is well shown by the positions in which banks of

shingle accumulate. Thus, in the Channel, we have the

Chesil Beach to the west of Portland, and the shingle

bank in a corresponding position at Dungeness ; while, on
the east coast, Lowestoft Ness grows southwards by the

deposit of shingle brought from the north. In the same
way, on the east coast, the accumulation of shingle has
shifted the mouths of the Yare and the Aid several miles

to the south of Yarmouth and of Aldborough. In the

latter case the river runs for miles parallel to the sea,

from which it is separated only by a bank of shingle.

On our west coasts the direction of tidal transport is from
south to north.

The principal sand deposits are situated differently from
the great shingle banks, as we see, for instance, in the

Channel, by the sandbanks near the mouth of the harbour
of Poole, in Dorset, which are formed on the eastern and
more sheltered side of the promontory called Purbeck
Island.

BABYLONIA AND ELAM FOUR THOUSAND
YEARS AGO.

By Theo. G. Pinches, M.R.A.S.,

Department of Eyi/ptian and Assyrian Antiquities,

British Museum.

THE cuneiform inscriptions of Babylonia and Assyria

have thrown a flood of light upon the history of

the countries in which they were written. That
they would do so was to be expected ; but they

also incidentally restore the history of the nations

around, and one of the powers of which their records con-

stantly speak is Elam. Thus one of the important facts

of the early history of Babylonia and Elam is that related

by King Assur-bani-apli, of Assyria, who tells us that 1532

or 1032 years before his time ( = 2180 or 2280 b.c.) Kudur-
nankhundi. King of Elam, invaded Akkad or Babylonia, and
carried off" from Erech the image of the goddess Nana ; and
contemporary documents furnish us with ihe names of

Simti-silkhak and Kudur-mabug, his son, Elamite kings

who reigned in Babylon, probably at a somewhat later

date. For other periods native records furnisli some data,

and the Babylonian (Chronicle and Assur-baniapli's history

of his reign are of great value. Though the gaps are

many, it must be admitted that satisfactory progress in

restoring the lost history of Islam has been made.
No inscription, however, had revealed to the explorer in

the realms of Assyriology the name of Chedorlaomor, of

Genesis xiv. Kudur-Nankhuudi and Kudur-Mabug had
been found, but Kudur-Lagamar (or Lagamal), which
would have been the ]'>abylonian form of Chedorlaomer,
was wanting. Not only was this royal name lacking, but

those of Tidal and Amraphel, his companions, were absent

too. The name of Arioch alone, of the four allied kings

who went against Sodom, had been recognized in the

inscriptions.

Yet Chedorlaomer, Tidal, and Amraphel were important
rulers—powerful in tfie extreme, to come so far (all the

way from Elam and liabylonia) to the valley of the Jordan,

to defeat and subjugate again the nations of the district,

which had rebelled against them. Was the story true, or

merely a romance '.' Why did these names noi occur in

the extensive literature of Babylonia and Assyria '?

It would probably be a difficult matter, even now, to

answer all the possible questions that a well-armed critic

might put ; but we can at least say one thing, and that is

that we are in a better position to answer them than we
were a short time ago.

It came about in a very simple manner. Being on the

look-out for historical texts, the writer chanced upon one
of more than ordinary difficulty, which he decided to copy.

It was a tablet of a late date, probably of about 850 b.c,

and it was very mutilated ; but one name shone out with
an attractive clearness, namely, that of " Tudkhula, son
of Gazza—*." Now, any Assyriologist would have had
the thought that immediately occurred to the writer : Can
this be the Tidal ] of the Hebrews ? The consonants all

corresponded—it was the vowels alone that differed ; but

even these did not differ more than those of Tukulti-apil-

csarra do from the Hebrew (and Aramaic) form of the

name Tiglath-pileser. Proceeding, therefore, hopefully,

there were found on the same tablet the names Eri-[E]aku,
probably Arioch, and Kudur-lakhmal, a name mentioned
in close connection with Elammat or Elam, and therefore

possibly Chedorlaomer.

It is true that there was not much to be learned from
the fragment, but it proved to be, in any case, a text of

the greatest importance. There is the usual number of

references to killing which are to be found in the records

of those ancient nations. Besides this, however, we learn

that the son of Eri-[E]aku was called Dur-makh-ilani,

that some place was spoiled, and that (apparently) a flood

invaded Babylon (or Babylonia) and the great temple called

E-saggil (or Saggil) within the renowned capital. Then there

is a statement to the effect that " the old man and the

child [were slain] with the sword," and executions took

place. Two lines after the mention of Tudkhula (or Tidal),

son of Gazza^, it is stated that " his son (Gazza
—

's,

Tidal's, or another's) fell upon him with the weapon of his

hand," and then "his dominion (?) [was proclaimed'?]

before the temple (of the goddess) Annunit."
Whether in consequence of these high-handed proceed-

ings or not we do not know, but " [the King of?] Elam
spoiled the city Akhkhrlal (?) and the land of Eabbat,"
rendering [the land] " like heaps of ruins," and capturing,

* The complete form of tliis name was, possibly, Gazzani.

t Properly, this name should be transcribed Tid'al, for a more
ancient Tidghal. The Grreeli gives Thargal, a mistake for Thadgal.
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in all probability, " the fortress of Akkad and the whole
of Borsippa (?) ;

" after which " Kudur-lakhmal, his son

(probably the son of the King of Elam), pierced (?) his heart

with the steel sword of his girdle," and afterwards, it is to be

supposed, took the throne and " captured his enemy."
The discovery of another tablet which followed shed

some light on the names, but did not give a very satisfac-

tory sense. It referred, however, to the above-named
Elamite prince, and seemed to state distinctly that he

became King of Babylon :

—

" [The gods '?] in their faithful counsel cared for Kudur-

lakhgumal, King of Ela^m]. He descended, and the thing

that unto them was good [he performed ?] , and he exer-

cised sovereignty in Babylon, the city of Kar-Dunias
(=Babylonia)."

This passage gives an extra syllable to the name ( Kudur-
lakhgumal for Kudur-lakhmal), bringing it one degree

closer to the Hebrew Chedorlaomer (Greek Chodollogomor),

and rendering it probable that it is the same king. Of
real history, however, this second fragment does not give

much, partly on account of its imperfect state ; but it

refers to Dur-makh-ilani, whose father's name is called

Eri-ekua (a variant for Eri-Eaku, or Arioch, which the

first text gives), and to certain letters which passed, in

which he seems to emphasize his superior right to the

throne of Babylonia (over that of Kudur-lakhgumal).
It was gratifying to find this second tablet, notwith-

standing the imperfect nature of the text. The present

writer then, with a view to renderintr his translation as sanctuary ("/

Fir. 1.—Babylonian Tablot. Obverse.

complete as possible by reference to other texts, proceeded to

look through his copies for references to words, names, etc.,

and was agreeably surprised to find on another tablet the

name Kudur-lakhgu— , who was called " the Elamite."
The completion of this as Kudur-lakhgumal was, as may
be imagined, the most natural thing possible, and an
examination of this third inscription gave some very
interesting items of ancient history.

It ia a text divided into paragraphs, and is written in

poetical style, resembling, in some things, that of the

Creation tablets, which are undoubtedly very ancient as to

their composition. This new text, where it begins to be

complete, speaks of someone (probably the Elamite whose

doings form the subject of the tablet) who descended to

Du-makh ("the supreme seat") like Tra h", ijamil {" the

unsparing pestilence "), and he saw there the temple, and

spoke with the children (probably the officials) therein.

He then sent a message to all his warriors, (saying)

" Carry off the spoil of the temple, take also its goods,

take away its image, break down its enclosing wall."

" Against the god Ennun-dagalla " i" the guardian of the

broad place") "the enemy pressed forward evilly." The

god, clothed with light before him, flashed like lightning,

and " the enemy was afraid." Nevertheless, he gave

instructions to take the crowns of the god, and to " seize

his hands " (probably instructions to carry the image out

of the templei—"he did not fear, he did not regard his

j

life," but, notwithstanding this, " he did not remove his

crowns." This practically closes the obverse (Fig. 1),

I the sense of the remaining lines being doubtful in conse-

quence of the mutilation of the text.

' The reverse (Fig. 2), which is divided into short para-

graphs, continues the narrative after a gap which is

probably considerable. The first complete lines tell ua

that " The enemy, the Elamite, devised evil, and the god

Bel devised evil against Babylon." After referring again

to the temple, the tablet says :
" The enemy, the Elamite,

took its goods , the god Bel had displeasure towards his

After several lines in this same strain, in

which the unfavourable attitude of the

heavenly powers and the elements (_e.fi.,

" storm and evil wind went round in the

heavens ") is referred to, a paragraph

occurs in which the question is asked,
" Who is Kudur-lakhgumal, the maker of

the evils? He has gathered the bar-

barians . . . the people ("?) of the

god Bel, he has laid in ruin ... by

their side." " He se t his face to

go] down to the land of Tiamtu " (pro-

bably by the Persian Clulf), then ruled,

apparently, by a prince named Ide-Tutu.

The writer of the tablet, however,

again goes back to the misfortunes of

the temples, etc., of his beloved country:
" [The enemy], the Elamite, directed

his yoke and set his face (to go) down to

Borsippa . . . The princes he sub-

jugated with the sword, he carried

ofl" the spoil of the temples, he took

away ai;d carried off to Elam their

goods. . . ."

Such is, in short, the contents of these

three interesting and remarkable, though

mutilated, Babylonian texts. They lose

much value by their imperfection—indeed,

were they perfect they would probably

present no difficulties to the historian, and

but few to the translator. Badly preserved as they are,

however, it is a matter of great satisfaction that

time has spared them to us, for they throw light

on a dark period, and one of great interest. Whether
Kudur-lakhgumal (better transcribed, perhaps, Kudur-

laghgumal) be really Chodollogomor or Chedorlaomer, and

Eri-Eaku Arioch, time alone can decide ; but the fact that

the three names so closely resembling Chedorlaomer, Tidal,

and Arioch all occur on the same tablet is, of itself, a

great argument in favour of the identifications that have
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been proposed. That Kiulur-lakhgumal, King of Elain, is

the enemy, not the ally, of the King of Baliylouia, is

probably clue to a change in the feelings anil policy of the

two rulers, and presents no dilliculty, as far as our

Fit;, 2.—Babylonian Talilct.' Kovcrse.

knowledge at present goes. In whatever manner, however,
time may compel the student to regard the events these
tablets refer to, there can be no doubt as to their real

importance. The absence of any reference to an expedition
to the valley of the Jordan is probably due to the mutilation
of these clay records (one baked, perhaps by the Arabs
who found it, and the other two unbaked), but may be due
to the fact that they are written exclusively from a Baby-
lonian point of view. They testify, as do other texts,

Babylonian and Hebrew, to the power of Elam at a period
which Babylonian chronology fixes at rather more than
four thousand years ago.

THE FACE OF THE SKY FOR MAY.

By Herbert Sadler, F.R.A.S.

SUNSPOTS and facuJae are still diminishing in

number and size.

]\Iercury is favourably situated for observation
during May, being at its greatest eastern elonga-
tion (22°) on the 16th. On the 1st he sets at

8h. 54m. P.M., or Ih. 30m. after the Sun, with a northern
decUnation of 20° 59', and an apparent diameter of 5f",
^ths of the disc being illuminated. On the 5th he sets

at 9h. 21m. p.m., Ih. 54m. after the Sun, with a northern
declination of 22 59', and an apparent diameter of GJ",
^5^ths of the disc being illuminated. On the 10th he sets

at 9h. 4Gm. p.m., or 2h. 10m. after the Sun, with a
northern declination of 24° 32', and an apparent diameter
of 7 0", -i^V^lis of the disc being illuminated. On the 15th
he sets at 9h. 57m. p.m., or two hours and a quarter after

the Sun, with a northern declination of 25° 11', and an
apparent diameter of 7f", y*xjthii of the disc being illumi-

nated. On the 20th he sets at 9h. 56m. p.m., or 2h. Gm. after

the Sun, with a northern declination of 25 ' 3', and an appa-
rent diameter of 8^'", -,',>', '^8 of the disc being illuminated.

On the 25th he sets at !lh. 4'irii. p.m., or one hour and three-

quarters after the Sun, with a northern
declination of 24° 19', and an apparent
diameter of IQ-O", .'.'.ths of the disc

being illuminated. On the 30th he sets

at 9li. IGin. p.m., or one and a quarter

hours after the Sun, with a northern

declination of 23" 8', and an apparent
diameter of ll'O", f^'„th of the disc being

illuniiuated. He is at his briglitcst about

the 2nd of the mouth. During May he
pursues a direct path through nearly the

whole of Taurus, being about 2' south

of the Pleiades on the evening of the

2nd.
Venus is too near the Sun to be

observed, and Mars is, for the purposes

of the amateur, invisible.

.Tupiter is still a conspicuous object in

the evening sky, but is rapidly nearing

the west. On the 1st he sets at Ih. 35m.
A.M., with a northern declination of 20° 35',

and an apparent equatorial diameter of

37"0", the phase on the /' limb amounting
to ',". On the 10th he sets at Ih. a.m.,

with a northern declination of 20° 20',

and an apparent equatorial diameter of

3G1". On the 20th he sets at Oh. 2Gm.
A.M., with a northern declination of

20° 1', and an apparent equatorial

diameter of 85f' . On the 30th he
sets at llh. 45m. p.m., with a northern declination of
19° 89', and an apparent equatorial diameter of 34

i''.

During the month he describes a direct path in Cancer,

being rather more than 1° south of the 5\ magnitude star

/; Cancri on the 23rd. The following phenomena of the

satellites occur while the Sun is more than 8° below and
the planet 8° above the horizon:—On the 1st an occultation

disappearance of the second satellite at 9h. 28iii. p.m. ; an
eclipse reappearance of the third satellite at llh. 42m. 4Gs.

P.M. On the 2nd an occultation disappearance of the first

satellite at 9h. 50m. p.m. On the 3rd a transit egress of

the shadow of the second satellite and a transit egress of

the first satellite at 9h. 26m. p.m. ; a transit egress of the

shadow of the first satellite at lOh. 42m. p.m. On the 8th
a transit ingress of the shadow of the foui-th satelUte at

lOh. 5m. P.M., an occultation reappearance of the third

satellite at lOh. 45m. p.m. On the 9th an occultation

disappearance of the first satellite at llh. 47m. p.m. On
the 10th a transit ingress of the first satellite at 9h. 8m.
P.M. ; a transit ingress of the shadow of the second satellite

at 9h. 7m. p.m. ; a transit egress of the second satellite at

9h. 88m. p.m. ; a transit ingress of the shadow of the first

satellite at lOh. 16m. p.m ; a transit egress of the first

satellite at llh. 23m. p.m. On the 11th an ecUpse re-

appearance of the first satellite at 9h. 48m. 143. p.m. On
the ISth an occultation disappearance of the third satellite

at llh. 16m. p.m. On the 16th an occultation disappearance

of the fourth satelhte at 8h. 43m. p.m. On the 17th a

transit ingress of the second satellite at 9h. 26m. p.m. ; a

transit ingress of the first satellite at llh. Im. p.m. On
the 19th a transit egress of the shadow of the first satellite

at yh. P.M. ; an eclipse reappearance of the second

satellite at 9h. 16m. 55s. p.m. ; a transit egress of the

shadow of the third satellite at 9h. 50m. p.m. On the

25th an occultation disappearance of the first satellite at
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lOh. 14m. P.M. On the 26th a transit egress of the third

sateUite at 9h. 20m. p.m. ; a transit egress of the first

satellite at 9h. 48m. p.m. ; a transit ingress of the shadow

of the third satellite at lOh. 7m. p.m. ; a transit egress of

the shadow of the first satellite at lOh. 55m. p.m.

Saturn is an evening star, and is in opposition to the Sun
on the 5th. On the 1st he rises at 7h. 27m. p.m., with a

southern declination of 14' 14', and an apparent equatorial

diameter of 17f (the major axis of the ring system being

43| in diameter, and the minor 15|' ). On the 13th he

rises at 6h. 34m. p.m., with a southern declination of

13' 58', and an apparent equatorial diameter of 17f' (the

major axis of the ring system being 43^" in diameter, and

the minor 15^"). On the 27th he rises at 5h. 33m. p.m.,

with a southern declination of 13' 42', and an apparent

equatorial diameter of 171" (the major axis of the ring

system being 43" in diameter, and the minor 15r").

Titan is at his greatest eastern elongation at lOh. p.m.

on the 2nd, and 7h. 30m. p.m. on the iSth. He pursues a

retrograde path through a barren region of Libra.

Uranus is in opposition to the Sun on the 12th, and is

an evening star, but his great southern declination militates

against successful observation in these latitudes. On the

1st he rises at 8h. 14m. p.m., with a southern declination

of 18° 13', and an apparent diameter of 3-8''. On the 31st

he rises at 6h. 9m. p.m., with a southern declination of

17° 56'. He pursues a retrograde path in Libra.

Neptune has left us for the season.

There are no very well-marked showers of shooting stars

in !May.

The Moon enters her last quarter at 3h. 25m. p.m. on
the 4th ; is new at 7h. 46m. p.m. on the 12th ; enters her

first quarter at (Jh. 21m. a.m. on the 20th ; and is full at

9h. 57m. p.m. on the 26th. She is in apogee at 3h. p.m.

on the 8th (distance from the Earth, 252,050 miles), and
in perigee at lib. a.m. on the 24th (distance from the

Earth, 225,080 miles).

By C. D. LocooK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 10th of each month.

Solution of April Problem.

(C. A. Kennard.)

Key-move.—1. R to QBsq.

If 1. ... K to Q4, 2. K to B3, etc.

1. ... P to Q4, 2. E to K2, etc.

The "curiosity" lies in the fact that if White could

make a waiting move there would be a second solution : for

after 1. K to Q4, 2. P to (^'4, and mates next move.

Correct Solutions received from Alpha, J. T. Blakemore,
A. Walker, W. WiUby.

B. P. (ireij.—There is hardly enough variety in your
problem, considering the force employed.

W, Willby.—It was certainly an unusual feat.

A. C. Ch alien //(').—Many thanks for the problems,

especially the three-mover.

ir. M. A. A'.—After 1. K to Kt2, P to Q4 ; 2. R to K2,
K to QG, there is no mate.

G. B. Fraser, A. E. BniiiiaU, and A Norseman.—Your
communications have been forwarded to our correspondent.

PROBLEMS.

By A. C. Challenger.

No. 1.

Black (5).

X. -mm. wm 'mm.fM

^ ^^^"^^^^'^'''^^

White (6).

White mates in two moves.

No. 2.

Black (8).

iw^iMir
m 'mm ^ MM

White (h).

White mates in three moves.

THE EIGHT QUEENS PROBLEM.

Some correspondents have sent us some remarks on this

problem which may tend to explain the law which governs

it.

Mr. W. W. Strickland shows that the paucity of solutions

on a board of thirty-six squares (using six Queens) is

connected with the fact that the solution is impossible

when a Queen stands in the centre of one of the four

quarters of the board. From other considerations he

predicts that on a board of eighty-one squares there will

be found only six essential methods of solving the problem.

Perhaps one of our readers might care to verify this.

Mr. C. W. Branch suggests the law which governs the

convertibility or otherwise of the positions. He imagines

a position set up on nim chess-boards placed in the form

of a square. If, then, any piece on one of the outside

chess-boards is in a line with any piece on the central

board, the central position cannot be moved in such

a direction as to cause the attacking piece to be brought

on to the central board, unless such movement at the same

time causes the piece attacked to disappear from the

central board.

Wo regret that it is impossible to print the diagrams

which accompany this ingenious explanation.
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CHESS INTELLIGENCE.

The secretary of the newly established " C'ourts t'hess

Club " informs us that the club meets at 9!f, Chancery
Lane. The members are mostly connected with the legal

profession.

The Inter-University ('hess Match was played at the

British Chess Club last month, and resulted in a victory

for Oxford. The following was the score :

—

Oxi'ORD.

1. E. Lawton, capt.

(Corpus) .... 1

2. E. G. Spencer
Churchill (IMagdalen) 1

8. H.G.W.Cooper( Oriel )()

4. H.N.Robbins(Corpas)0
5. R. A. Jenkins (15rase-

nose) 1

G. G. Fraser (Corpus) . J

7. A. S. Ward (Balliol) . |

C^AMIiltlDfiE.

W. V. Naish, capt.

(Emm.)

d. \'arley (Christ's) . .

W. T. Quin (Caius) . .

i''.. A. Crowley (Trinity) .

R. BattersbyiSt. Cath.).

H. F. Parker (Emm.) .

C. C. W. Sumner (St.

John's)

Mr. Robbins lost a game, which he should have won, by
exceeding his time-limit. Cambridge are still seven
matches to the good, out of the twenty-four played since

1873.

The score in the Steinitz-Schiffers match is :— Schiffers,

4 ; Steinitz, 6; drawn, 1.

Mr. H. W. Trenchard has just won a match with Mr.
J. Mortimer, and drawn one with Mr. Herbert Jacobs.

The Annual Chess Festival of the Hastings Chess Club
took place on March IGth to IDth. Messrs. Bird, Black-
burne, and Teichmann gave simultaneous and blindfold
performances, and there were the usual consultation games.

The Amateur Championship Tournament begins at the
City of London Chess Club on April 20th. About the
same time there will be a Masters' Tournament at
Simpson's Divan.

In the Vienna Club Tourney the leading scores are
now :—Englisch and Sshlochter, 11 ; Marco and Weiss
lOi; J. Schwarz, 10.

The following game was
Mitch last month:—

" Petrofi's

Whitk.
(G. Fniser, Oxford.)

1

.

P to K4
2. Kt to KB3

Kt to B;-i

B to B4 (a)

P to Q8
6. B to KKt5 (/-)

7. B X B ((•)

Kt to K2
Kt to Kt3
P to KR3 (d)

P to B8
PxKt
P toQ4
PxP
Q to Q3 (e)

Castles QR
B to K3
QR to Ktsq

played in the Universities'

Defence."
Black.

(ir, F Parker, Cambridge.)

3.

4.

5.

8.

9.

10.

11.

12.

18.

14.

15.

16.

17.

18.

1.

2.

3.

4.

5.

6.

7.

rt.

!l.

10.

11.

12.

13.

14.

15.

10.

17.

18.

P toK4
Kt to KB3
Kt to B3
B toB4
P toQ3
B toK3
PxB
Castles

Q toQ2
Kt to Q5
Kt X Ktch
RtoB2
PxP
B to Kt3
QR to KBsq
Kt to Ksq
RxP
P to B3

19. P to Q5
20. Kt to B5
21. Q to K2
22. PxB

PxR
Q to Kt4
R to Bsq
RxR

27. Q to Kt3 (h)

28. Q to Kt2
20. Q to Q2

23.

21.

25.

2(),

19. Pto K4 (/•)

20. K to Rsq (</)

21. BxBch
22. K(BG)xKt
23,

24.

25.

26.

27.

2H.

29.

PxP
RxP
P to KKt3
PxR
Kt to Kt2
P to K5 (/)

Drawn.

Nc

('() An inferior variation of the Four Knights game.
Black should reply I . . . Kt x P. The correct move is

4. J5 to Ktr>.

(h) Inferior to G. B to K8.

(') Again bad judgment : for now his Knight can never
enter at Q5, so that his Queen's ]>ishop is in a useless

position, as Black will be able to escape from the " pin."

('/) Unnecessary. He might play 10. P to B3. On
his next move it is too late, as he thereby gets a very
weak doubled Pawn, which is speedily lost.

((') He should make some attempt to defend the KBP
by means of the QR and the King,

(/) So far Black has played excellently, but this

mistake loses him all his advantage. He should play
19 . . . BP X P first.

(.'/) 20 ... B X Bch would save a move if not more.

(/i) 27. Q to Kt5 looks stronger ; or Q to Kt2 at once.

On his next move the obvious 28. R to Ktsq seems best.

(/) This move weakens all his Pawns ; but in any case

the game would probably be drawn.
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THE NATURE OF THE X RAYS OF RONTGEN.

By J. J. Stewart, B.A.Cantab., B.Sc.Lond.

PROBABLY at uo period in the history of science

has so much research been concentrated on one

particular part of the field of investigation as

now, when in all the principal physical labora-

tories of Europe inquiries are being made into the

effects and the probable causes of the remarkable new
species of radiation labelled by one of the early discoverers

X, or unknown. To able and well-directed efforts thus

persistently made, " the rays " will no doubt soon be

obliged to yield the secret of their origin and cause. In

fact, already there are clear indications of the direction in

which the truth may be discovered, and the researches of

explorers in several widely separated countries are con-

verging on one definite explanation of the source of this

mysterious phenomenon. Opinions, however, amongst
those competent to judge are still in many quarters

widely different.

Recently amongst our neighbours the French, who have
been active in physical research, a form of radiation has
been brought to notice which differs from ordinary light

and is different also from the rays described by Rontgen.
This newly-found form of ethereal vibration appears to

possess characteristics intermediate between those of light

which affects our eyes and those associated with the X
rays. Most people have seen in the shop windows, or

elsewhere, yellow or canary-coloured glass, sometimes

made into small trays or dishes. It possesses a peculiar

fluorescent property, and when light of any colour what-

ever falls upon it, it glows with its own peculiar and weird

phosphorescent yellowish light. This property of the glass

is remarkably shown by placing a rod made from it in a

dark room and forming a spectrum of some source of

white light. When the rod is placed in the red or the blue

part of the spectrum, it still persists in giving back its

characteristic yellowish shimmer. The cause of this

behaviour in the glass is the presence in it of salts of the

somewhat rare metal uranium. Now, il. Henri Becquerel,

in France, has been carrying out investigations on

the nature of the radiation given out by various salts

of uranium, and has shown the existence of radiation

intermediate in character between that of light and that

which probably causes the Rontgen effects. M. Becquerel

made a fluorescent screen of thin crystals of the double

sulphate of uranium and potassium, a substance which

is very active in its phosphorescence. This phosphores-

cence or visible emission of light lasts a very short time, less

than one-hundredth of a second: but the fluorescent screen

appears to have also the power of giving forth invisible phos-

phorescent radiations. Light from the sun after passing

through such a screen can cause the formation of an

image on a sensitive film, although black paper or alumi-

nium is interposed in the path of the solar radiations.

Copper is, however, almost opaque to these radiations.

Moreover, a film left in the dark, with the phosphorescent

screen almost touching it, shows intense images. These

latter are not produced by any visible light, and must be due

to the invisible phosphorescence. The persistence of the

emission of these dark radiations from the uranium salt is

most extraordinary. After being kept in the dark for a fort-

night the screens formed from the salt emit their radiations

with scarcely less intensity than when freshly exposed to

light. These uranium radiations discharge electrified

bodies just as Rontgen rays do : they also suffer the same
sort of diminution in intensity 1=! the rays of RiJntgen on
traversing a plate of quartz. 'heir action, however, has

only about one-hundredth par^ cl the intensity of that of

the Rimtgen rays. Various s^Us of uranium exhibit the

same properties.

The special interest attacl:ing to these experiments at

present is due to the fact that ^1. I'.ecquerel finds that the

uranium radiations can be refracted and polarized. Now,
this polarization proves that tlie radiation must consist of

transrei-.-ie vibrations ; and as Rijutgen radiation is similar in

many respects, a presumption arises that the Rilntgen rays

themselves are caused by transverse vibrations in the

ether. Recent work shows distinct evidence that the

Rilntgen rays can be reflected. These rays, then, possess

some of the properties of ordinary light.

An Italian investigator. Signer Righi, finds that when a

body charged with negative tlcctricity is exposed to the

action of RiJntgen rays it loses its negative charge, which

appears to leak away ; and when longer exposed to the

same influence it gains a positive charge instead. Invisible

rays from the part of the spectrum beyond the violet

exert a similar action, and there is thus shown to exist

another property common to those two sorts of radiation.

Other observers have found tluit the light given out by

phosphorescent bodies is able to penetrate substances which
are quite opaque to ordinary light from the sun. Oifliisc

reflection of Rontgen rays seems to have been distinctly

observed, and images of opaque objects have been produced

by means of reflected rays when the sensitive plate on

which the images were formed was screened from tho

direct action of tho vacuum tube by means of a thick

sheet of copper placed between the tube and tho plate.
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The Bontgen rays are probably of various wave-lengths,

and are not analogous to light of one definite colour. The
absence of any phenomena of dilYraction does not, therefore,

prove that they are not ultra-violet vibrations. Before

diffraction experiments can bo successfully performed a

means must be found for sifting the Rontgen rays, and

separating out the components dilTering in wave-length.

The evidence that irregular rellection of Ivontgcn rays

occurs is accumulating, and, so far as can be judged at

present from the results of the numerous experiments

already carried out, it seems probable that this newly

discovered form of radiation will turn out to bo a form of

transverse vibration in the ether of much smaller wave-

length and more rapid than that which produces ordinary

light.

It must be remembered that the visible vibrations

constituting light have a range, from the dark red, or

slowest, to the violet, or most rapid, of about an octave.

Vibrations which are a little more than twice as rapid as

those of red light do not affect our eyes. There is no

reason to suppose that disturbances or changes m the

ether many times as quick ..s those of red light do not

exist. Some of these ultra violet vibrations have already

been investigated and have become known, and it may
well be that some still more swift and hitherto unsuspected

vibrations have been manifesting their existence to us by

the effects first noticed by Lenard and Riintgen, and since

so diligently investigated by the numerous observers who
have followed them.

BRIEF DESCRIPTION OF THE ORCHID
PHOTOGRAPHS.

By H. A. Bi RiiERKY, F.R.H.S.

THE accompanying illustrations are from photographs

of a few specimens from the Right Hon. J.

Chamberlain's collection of orchids.

Fig. 1 represents a specimen of Cattleya wossice,

variety M'ai/niri, a very rare and most beautiful

orchid. It is a native of Venezuela, and thrives best when
grown in an intermediate temperatm'e. The species as a

whole is a richly and most varied coloured one. The

variety ^Vaijiwri is the pure white form. The section to

which this plant and Cattlfi/a weiulelii (to be described

later on) belong is the "labiate" section, so named on

account of the very large and beautiful lip, or labellum,

which is a characteristic of the plants. All species belonging

to this order have their pure white varieties, which are in

all instances very rare and costly.

Fio'. 2 is a specimen of Ci/pripcilium helldtulum, a species

coming from Cochin China. The flower is very striking,

the ground colour being white and the whole densely

spotted with brownish purple. The plant succeeds best in

an intermediate temperature, and should be grown in a

compost of strong loam mixed with limestone.

The genus Ci/pripeiliuiu, to which belong the so-oalled

" lady's slipper orchids," is a very large and popular one,

inhabiting both Asia and America. Those from the North

of America are quite hardy. There is, moreover, one

{€. caleolus) that is a well-known European species, and

was once a wild plant in England, but has now become
exterminated.

Fig. 3 is a very beautiful orchid coming from Burmah,
and called ]><mlrubium foniio.suin t/iiiiintt'iiiii. The genus to

which it belongs is a very large one, and species belonging

to it are found scattered nearly over the whole of the con-

tinents of Asia and Australia. They are for the most part

very warm-growing orchids, and the species here depicted

always requires the warmest department and grows best

planted in small pans suspended from the roof. It llowers

during August and September. Tlie flowers are pure white,

with the exception of an orange blotch on the labellum,

and are borne at the apex of the newly-formed pseudo-bulbs.

Ciittlri/d niiiuirHi, a Specimen of which is shown in

Fig. 4, belongs to the same very popular genus as the

subject of Fig. 1. The genus was founded in honour of

Fig. 5.

—

MiUoiiia vcxrllaria.

William Cattleya, of Barnet, Herts, who was a great

lover of orchids in his day. C nimdflii is a very attrac-

tive and showy orchid, and is one of the most lovely

of them all. The flowers are of great beauty and most

delicately tinted, from light pink to a deep rose colour. Its

native habitat is

New Granada.
The temperature

most suited to its

requirements is an
intermediate one.

It flowers in April

and May, and
grows best when
planted in peat

and sphagnum
moss.
The genus

Miltoniu (named
after Viscount
Milton, afterwards

Earl Fitzwilliam)

is one containing

several very beau-

tiful orchids, some
preferring the
temperature of the

warmest house,

and others the in-

termediate house
temperature.
M. vexillaria
— Fig. 5— from

New Granada, is

one of the latter
Fii>. 0. Oncidiutn papilio.

It is sometimes known as the " standard-bearer orchid."

It is one of the most showy and beautiful of the genus,
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and if cultivated under proper conditions makes rapid

growth. It is best grown in sphagnum moss and fibrous

peat. There is great variety of colour, which varies from
almost white to a very dark rose.

The genus (hicidiiim is a very large one, comprising

over two hundred and fifty species, and inhabiting

tropical America and the West Indies. Some are very

cool-growing kinds, and require only the ordinary green-

house in which to flourish, whilst others must have
more warmth. ('. iiapilin is one of the latter, and
must have the warmest house. It is generally known
as the "butterfly orchid," and it certainly resembles

a large butterfly in shape. The flowers are pale golden

yellow, barred with chestnut brown. It may either be
grown fixed on a block of wood, or in a wooden basket

planted in sphagnum moss and fibrous peat. It is a

compact-growing plant, and the flower spikes (which are

long and slender) are produced from the base of the last

made pseudo-bulb, and the flower at its apex, one following

the other in succession for several years.

[\Xe are indebted to the Right Hon. Joseph Chamberlain,
M.P., for his consent to reproduce, with Mr. Burberry's
aid, a selection from his orchids.

—

Eds.]

A GEOGRAPHICAL DESCRIPTION OF THE
BRITISH ISLANDS.

By Hugh Eobert Mill, D.Sc, F.E.S.E.

A
SUGGESTION put forward in my paper in the

January Number of Knowledge, on " Geography
as a Science in England," that a complete geo-

graphical account of the British Islands might be
compiled on the basis of the Ordnance Survey

maps, has been received with considerable favour. It may
not be out of place to summarize here the developments
which have occurred, and to re-state the plan with the

greater precision that lapse of time, the accumulation of

fresh information, and the kindly criticism of friends have
made possible.

I must, in the first instance, accord to Mr. J. Logan
Lobley the credit of priority, not only in suggesting a

complete scheme for the geographical description of the

country, but in actually preparing such an account of a

representative county. I was unaware of his labours in

this direction when I brought forward my scheme and
when I wrote a note on the subject in the March Number
of Knowledge, and 1 am glad now to call attention to his

excellent MS. account of the parishes of the county of

Surrey, a work which I hope will soon be brought before

the public. Mr. Lobley's work is on a somewhat larger

scale than I would propose for use in the uniform treat-

ment of the whole country, and it is in some respects

treated from a diflerent standpoint. But as work actually

done it is of great value, and shows that the advantages of

such descriptions had appealed very strongly co practical

geologists. Prof. Seeley has also brought to my notice

the fact that he hgiS studied the country near London with
his students for many years, and has in preparation a
description of part of it from the point of view of physical

geography. I daro say these are not the only instances of

such work having been initiated ; the more cases of the

kind that have occurred, the more clearly does the impor-
tance of a general realization of the scheme appear.

The statement of a possible scheme submitted to the

Royal Geographical Society on !March (jth, and published

in the (jiniirojihiciil Journul for April, 1800, may be re-

peated here in the hope that the range of criticism and
suggestion may thus be extended.

The Chief Soubces of Information.

(a) The basis of the description should be the topo-

graphical map of the Ordnance Survey on the scale of

1 : 63,360, or one inch to one mile. This, including the

new survey of England, will be complete before the close

of the present century. The sheets, measuring eighteen

inches by twelve, contain two hundred and sixteen square

miles of surface for England and Ireland ; but the sheets

for Scotland measure twenty-four inches by eighteen, and

contain four hundred and thkty-two square miles. The
map is in two editions, showing rehef by hachuring and

contouring respectively, and aU sheets are graduated on

the edge to single minutes of latitude and longitude, with

subdivisions to ten seconds. In special cases the maps
on the scale of 1 : 10,560, or sis inches to one mile, would
be referred to.

(b) The maps of the Geological Survey on the same
scales supply in many cases the geological reasons for

geographical conditions, and the memoirs to the various

sheets, or on selected districts, usually give valuable sum-

maries of the physical geography from the geological stand-

point.

(p ) The charts of the Hydrographic Department supply

full details as to sea-depths along the coast, and as to

depths of navigable rivers and a few lakes.

((/) The publications of the Meteorological Office, of the

two Meteorological Societies, and of Mr. Symons (for

rainfall), contain a great amount of information as to the

climate of the British Isles.

(f) The Census reports give full particulars of the

popiilation of each registration district and of their

occupations, a matter of great geographical importance

;

although I am not aware that the distributional relations

of the Census have ever been fuUy worked out in the

manner adopted, for example, by the United States Census

Office.

(/') The reports of births, marriages, and deaths sup-

plement the Census returns in many ways, and contain

materials for statistical maps, including maps of the

distribution of diseases as worked out by Dr. Havillaud

for the Lake District.

(</) The Board of Trade and other Government depart-

ments publish full accounts of exports, imports, and of

internal transport, of mineral and agricultural produce

and manufactures, all of which are capable of geographical

treatment.

(/i) The publications of such societies as the Royal

Agricultural, the Archivological, the Statistical, the

Institution of Civil Engineers, and many others, contain

papers on subjects which may be profitably consulted ; and

there are numerous county histories and books on special

aspects of geography from which help may be obtained.

(0 There are now several amateur photographic societies

which make systematic collections of characteristic pictures

of tlieir own neighbourhood, such as that over which

Sir Benjamin Stone presides in Warwickshire. Numerous

local scientific societies are rendered accessible and capable

of acting in concert through a committee of the British

Association, many of the members of which are willing to

act as skilled collectors of information.

The Plan of the Memoib.

Taking the one-inch map as a basis, the discussion and

treatment would be on a corresponding scale. No doubt,

by enlarging on each of the heads to be mentioned, a

treatise of great length might easily be compiled for each

sheet. My proposal is to aim at conciseness : as far as

possible to touch only on essential matters, and to treat

these exclusively from tlic geographical standpoint. .\ good

deal of repetition would bo avoided by the preparation of
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an introilnctory memoir describing the general features of

Ordnance maiis, uxplaininf; scales, the use of contour-lines,

and map reading generally. This should also contain a

statement of the principles of geography as applied (o

regional descriptions. The suggested memoir for each

sheet would include :

—

(«) /;)(/('.i- of all names on the sheet, referring to them
by latitude and longitude in areas of one minute by one
minute, giving also the altitude (exact or approximate) in

the case of hills, river sources, towns, villages, houses, etc.,

and the length of streams or portions of streams included.

(/() riiiir-iitiiiit's.—Notes on such of the place-names as

present features of geographical interest.

(() Miaii Kh'idt'KiH of the sheet, with the areas between
successive contour-lines, and statement of maximum and
minimum heights.

((/) Hijpso(jittphical IK'nrription.—A general statement of

the elevations and depressions of the sheet, mentioning
their relation to the larger features of the country. Length
of streams and their drainage areas.

(c) rhiixiniirajihicat K.cjiliDKitiiin with reference to the

type of land-form in relation to geological structure, the

position of the surface in the cycle of geographical

development, the character of the soils and mineral pro-

ductions, the local magnetic conditions, and the con-

ditions of climate so far as these are dependent on position

and configuration.

(/') Vi'iit'tiitiun and A<iriculture.—The approximate areas

of woodland, moorland, pasture, arable land, and the

leading crops. Local tloras and faunas.

((j) Foliticiil and Historical.—The parish, county, and
municipal boundaries. Historical sites, and events which
depend on geographical conditions.

(/i) (TiOfjrapliical Ikscriptiim, showing the relation of

the human inhabitants to all the foregoing conditions,

especially with regard to the sites of towns and villages,

the distribution of population, the utilization of natural

resources, and historical development of industries.

Local vocabularies.

(
() fllustiations.—A few carefully selected photographs

of typical scenery should accompany each sheet. Borne
sketch-maps and diagrams might also be included.

(/.) Bildioi/rajiln/, giving titles of works relating to

places contained in the sheet.

Several matters of very great importance cannot be
included, because the facts to be ascertained would involve

special surveys, <-.'/•, the variation of the force of gravity ;

the seismic conditions ; hydrographic conditions involving
the volume, speed, and normal seasonal fluctuations of all

rivers—a subject which will acquire great economic
importance in a few years ; and the ethnological descrip-

tion of the people.

Proposed Method of Execution.

((() ludi'.r.—This requires simple mechanical compila-
tion. It would vary greatly in length, some sheets
having less than fifty names, others probably more than
one thousand.

(//) Place-names.—The notes would be limited to (1)
alternative names for places mentioned in the sheet, (2)
corrections of spelling, (3) critical discussion of such
place-names as are descriptive of geographical forms or

positions, (4) discussion of names which can be traced by
historical records sufhciently far back to throw light

on prehistoric populations. The necessary information
would be obtained from topographical and arcbreological

works, from dictionaries of place-names, and from local

students ; but the lists would require very careful editing

by an expert, and must be strictly limited to cases con-
cerning which there is no reasonable doubt.

(c) Mean Eleration, — The area between successive

contour-linos on the map must be measured by the

planimetcr or by squared tracing paper, and the volume
deduced by considering the mean inclination of the succes-

sive surfaces, which would also give the true area of the

country as contrasted with the area projectiid on the plane

of sea-level given on the map. The distortion due to the

conical projection on which the map is drawn will probably

bo too insignificant to require notice ; if not, it must
bo allowed for. Check estimates might be made by
Heiderich's method of drawing numerous equidistant

profiles, and calculating the contents by Simpson's

formula ; and also by marking as many actual elevations

as possible on the map, and combining the arithmetical

averages of each square inch, as in Karsten's method of

estimating ocean depths. This work demands a con-

siderable amount of skill and attention. It would be very

suitable as an exercise and training for students, if any
institution existed in this country where students could be

induced to study geography seriously.

{d) The Ihijisniirapliieai Description would in most cases

be very brief. It should be written from the map, con-

sidering both hachures and contour-lines, and afterwards

verified on the ground. The lengths of parts of rivers

and their drainage areas would be treated in this descrip-

tion.

(e) Tlic Plii/sidi/rnphical K.rplanation would, so far as the

geology is concerned, be simply a restatement of the
" Physical Geography " section of the Geological Survey
memoir, with such modifications as the modern views of

the cycle of development of a land surface suggest. The
character of the soils would, to a certain extent, be derived

from the drift-maps of the (ieological Survey, from notes

of official or private geologists, and in some cases from
local inquiries. The mineral productions would be de-

scribed from the official returns. Climatic data would be

derived from the publications of the Meteorological OfBce

and of societies, supplemented in many cases by local

information.

(/) Vef/etation and Ai/rieulture.—The areas of forests,

parks, and moorland or commons would be measured on
the six-inch Ordnance Survey maps, on which a distinction

between different kinds of wood is made. The agricul-

tural information would be got from official returns, the

transactions of agricultural societies, and local inquiries

;

while a knowledge of any peculiarities of local flora and
fauna would be similarly obtained.

(il) Piditieal and llistnricid.—The boundaries would be

taken as shown on the map, referring to any important
changes, such as the reports of Boundary Commissioners.
Historical information wovxld be sought from historical

and archiBological societies, and would be very stringently

edited, so as to confine it strictly to those features and
events of direct geographical importance.

(/() The (leui/niphical ] >escriiition would be the most
important part of the memoir, and must be the work of a

trained geographer, who, after studying the maps in the

light of all the information referred to above, shall have
made himself familiar with the ground. It would deal

directly with the relation of the people to the land,

showing the control exerted by geographical conditions

on the sites of towns, on dwellings, occupations, the

distribution of the people, the lines of communication,
and, if data are forthcoming, on local character. His-

torical changes in the resources and industries of a

region would be considered, to show in what degree they

occurred in consequence of geographical changes, e.i/., the

silting up of harbours, the destruction of forests, the dis-

covery or exhaustion of minerals ; or in what degree they
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occurred in spite of geographical conditions, e.//., the

establishment of a gunpowder factory in an agricultural

district, or the tunnelling of a hill by a new railway.

Many of the more interesting relations to be discussed in

this description are undergoing change, and unless they

are soon studied and recorded the value of the work will

be much reduced.
(;) flliistrations.—A sketch-map on the scale of, say, ten

miles to the inch would be given, showing the area of nine

sheets of the oae-inch map, including the eight sheets

which touch the sheet under consideration. A small

index map on the outside cover could show the sheets

contained in the whole country (England, Scotland, or

Ireland, as the case might be). One or two characteristic

profiles on a natural scale might be given, and a selection

of views of characteristic scenery taken from a carefully

chosen standpoint. It might be found possible in a few

cases to give characteristic type-portraits of the people,

and illustrations of the leading industries of the district.

(/>•) Bihlioip-aphij.—All the books, articles, or references

dealing with places referred to in the sheet would be re-

corded, so that a student could at once refer to all available

original sources.

Probable Magxitlde, Dukation, and Utility of the
Suggested Work.

The land area of the British Islands, excluding the

Channel Isles, is estimated at one hundred and twenty

thousand nine hundred and four square miles, which
would correspond to five hundred and sixty sheets con-

taining two hundred and sixteen square miles each, the

size of the English one-inch sheets. On account of the

irregularities of coast-hne, the one-inch map of England
contains three hundred and sixty sheets, that of Ireland

two hundred and five sheets, and that of Scotland one

hundred and thirty-one sheets of double size, corresponding

to two hundred and sixty-two. The total number is thus

equivalent to eight hundred and twenty-seven sheets of

the usual size (eighteen inches by twelve) ; but of these

twenty-seven at least are, so far as one can judge from the

index maps, entirely blank, leaving eight hundred which
would have to be considered. Of the eight hundred there

are at least two hundred and fifty-eight which contain

less than half their area of land surface. However, it

seems to me that the advantages of having the memoirs
in the form of a pamphlet corresponding to each sheet,

and numbered in the same way, would be sufiicient to

make it worth while to face the prospect of eight hundred
separate booklets. There might, in fact, be rather more,

as the special sheets combined out of several to show the

environs of important towns would naturally be included.

The little books would be partly statistical and partly

descriptive, and their aim would be to present the

information in the most concise and systematic form.

Possibly, wherever a sheet contained less than a certain

area—say fifty square miles—of laud, it would be found

convenient to reckon it as part of its next neighbour.

If the memoirs were printed in royal octavo form, the size

of each might vary from eight to thirty-two, or possibly,

in rare cases, to forty- eight pages. This is little more
than a guess, but it illustrates the scale on which I think

the work should be undertaken. The average length

might be about twenty-four pages, which would give

nineteen thousand two hundred pages for the whole work ;

this would correspond to twenty volumes of nine hundred
and sixty pages. If the work were undertaken with a

Eufficient staff to turn out f^n average number of forty

memoirs in a year, it would require twenty years for its

completion ; an increased staff would allow of the work
being more quickly completed.

At the meeting when this scheme was discussed general
approval of the principle was expressed by such authorities

as General Sir Charles W. ^^^'ilson, late Director-General

of the Ordnance Survey ; Colonel J. Farquharson, the

present Director-General : Mr. Clements E. Markham,
President of the Royal Geographical Society ; Mr H. J,

Mackinder. Reader in Geography at the Uni\ersity of

Oxford; Mr. E. G. Ravenstein ; and Sir Benjamin Stone,

M.P. There was, however, considerable divergence of

opinion as to the proper unit of description, the majority

considering that a poUtical unit—the parish, hundred, or

county—ought to be adopted.

The advantages of the map-sheet as a unit stUl outweigh
those of the parish or county, in my mind, for a work on
the scale and with the object that I have proposed. Once
the description of the country is complete on the rigidly

uniform plan suggested, it would be a very easy matter to

prepare a series of county memoirs each of which could be

worked up from the special point of view most important

in the individual case.

The council of the Royal Geographical Society has
appointed a committee to consider the practicability of

undertaking the description of a specimen area as a sample
of the whole and as a test of the character of the projected

work. The complete work would prove very expensive for

any private society, and from its national importance
should, if undertaken at all, be carried out at the cost of the

nation, under such expert supervision as would ensure

continuity and steady progress. Whether this conld be

best attained by entrusting the work to the organization of

the Ordnance Survey or to the Royal Geographical Society,

or to a special Government department for geographical

work, is a question that might be very profitably discussed.

A geographical department would be a very useful adjunct

to the scientific equipment of the Government, and could

be utilized in many ways, not the least important being

the co-ordination of the geographical data already copiously

collected by Government departments, the work of whicli

at present remains isolated and unprofitiblc.

PROTECTIVE RESEMBLANCE IN THE NESTS
AND EGGS OF BIRDS.

By Harry F. Witheehy.

IX
a former article* a few cases of protective resemblance
in birds were dealt with, and the accompanying
illustrations furnish us with two further examples
of the subject. Both engravings ;.re from beautiful

photographs by Mr. G. W. Burn Murdoch. Tho
one of a long-tailed tit's nest is an excellent example of

protective resemblance in the nest of a bird, while that of

the oyster catcher's eggs is a good illustration of the

subject in the eggs of a bird.

The long-tailed tit's nest is particularly difficult to

distinguish from its surroundings, even in the photograph,
where only the immediate surroundings are taken in. It

may be well to brielly describe the builder of the nest

before we go on to the nest itself.

Tho long-tailed tit (Aneditln catulatu) is a member of

ihe family rmiiltr, which contains some of our smallest

and at the same time best-known birds, which may be

classed amongst the happiest and most lively. The
long-tailed tit is in reality a very tiny bird, although
its tail, which is longer than its body, gives it the

appearance of being larger than it really is. The bird

• 5<if Knowikiioi", AFaroh, ISnC.
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is a resident and fairly common in the British Islands.

Perhaps the most intorostin!;; point in its life history is in

Fig. 1.—Xcat of a Long-t.iiled Tit in a Gorso Busli.

connection with the nest, which talces a fortnight to build

and is a perfect work of art. In shape it is similar to

that of a wren, bei);g long
and oval with a small hole

in the side near the top.

This curious shaped nest

has given to its maker the

name of bottle-tit, and when
the bird is sitting inside its

long tail is turned over its

back, and often protrudes

fr ym the entrance hole. The
nest is made of moss and
lichens, woven and cemented
together with spiders' webs.
The outside generally re-

sembles its surroundings

closely; when in a lichen-

covered bush or tree it is

often covered with silvery

lichens, while, should the

tree be mossy, the nest, too,

is often mossy.
The bird does not, how-

ever, seem to understand to

the full the protective ad-

vantages of this plan, for

one found in a green holly

bush was covered with white

lichens, and was thus much
more conspicuous than if it

surroundings ; but one may always find exceptions where

the bird has erred and the wrong material has been used.

'{'he nost shown in the illustration was built in a furze

bush and was covered with lichen. A few feathers ciin be

seen peeping out of the entrance hole ; this may bo observed

in almost every nest of a long-tailed tit, since the birds

always line—or rather fill—the nest with feathers, and even

add feathers after they have laid eggs. This, indeed, is very

necessary to keep the eggs warm, for they are so numerous

that they are one on the top of the other, and the tiny bird

cannot possibly cover them all.

The oyster catcher (ILnnafojius (istrdlei/us), the eggs of

which are figured in the second illustration, is a widely

different bird from the one with which we have just been

dealing.

It inhabits our seashores all the year round in consider-

able numbers; in winter in Hocks, while in summer it breeds

more or less in small colonies. Although the eggs in the

present case are a very good example of our subject, yet the

breeding habits of the bird as a whole are not altogether

consistent with protective resemblance. When the eggs

are laid in a scoop in the sand or shingle they very closely

resemble their surroundings both in ground colour, marking,

and form, 'fhey are naturally difficult to find, too, in this

position, and more especially because the bird makes a

number of sham scoops round the tenanted one, presumably

to mislead the ignorant. But the eggs are often laid in a

shallow hollow in the rooks or in a scoop in the grass, and

when this is the case they are comparatively as conspicuous

as they are hidden when in the shingle. The reason

for this curious change of habit is not quite apparent.

It cannot be—at all events not in all cases—for want

of shingle or sand in the locality, for they have often

been found placed in the rocks when plenty of suitable

shingle was available within a few yards. The shingle

would seem to be their natural and original nesting place,

not only because of the colour of the eggs, but because the

birds always place stones, shells, or some such hard

Fio. 2.—Eggs of an Oyster Catclier amongst Stones.

had been made entirely of green moss. Many species are

noted for making their nests of materials akin to the

particles beneath the eggs when they are laid on rock ov

grass.
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This, indeed, is one of the curious and seemingly con-

tradictory facts with which nature abounds, and we cannot
attempt a reason for it.

SUN-SYMBOLS IN ANCIENT EGYPT.

By F. W. Eeap.

AMONG all the objects worshipped by the Egyptians
the sun was the most honoured. It was he who
furnished the type of the immortality of the
human soul : as he sank daily behind the Libyan
Kills and rose again daily over the Arabian

Desert, so man, his creature, did not come to an end when
he too passed westward to his grave in those same hills,

but would rise again with the sun, his lord. To come
forth by day, to triumph with the sun, is the object, again
and again set forth, of the wonderful collection of reUgious
writings called " The Book of the Dead." But the daily

journey of the sun also gave rise to another kind of

symbolism. Passing in triumph over the earth, he is its

Mng ; and to the pious Egyptian the Pharaoh was his

representative, bearing all lus titles, clothed with all his

attributes, wielding all his powers. One of the titles of

the Pharaoh was " Son of the Sun " ; another was
" Horus," and Horus was before all things a sun-god. On
the beautiful statue of Khafra, the pyramid builder (about

B.C. 3700), one of the oldest works of Egyptian art, the

Hawk of Horus stands behind the king's head, spreading

its protecting wings.

Although, in common with the moderns, the Egyptians
sang the golden glories of the sun, the one thing that

impressed them above aU others was the fact that, wherever
he went, he divided that over and through which he passed
into two parts—the north and the south. When viewed
in this light, heaven is " the two heavens," earth is " the

two earths," and the space beneath the earth is " the

double divine under-world,' or " the double hall of Maat."
The explanation of these phrases is to be found only in

the fact of the sun's daily passage over all countries. As
he passes over them he divides each into two, and there-

fore every country and every nome could be spoken of as
" the two earths." Of course, Egypt among the rest

might be described in this way, and it is possible that the

expression sometimes has a double significance ; but there

is evidence that, down to the time of the Ptolemies at any
rate, the distinction between " the two Pjgypts " and " the

two earths " was well recognized by the learned class.

The pyramid texts, of which the first was discovered in

1880, and only recently published by Maspero, throw much
light on this question, as they do upon nearly the whole
of Egyptian mythology. In the pyramid built for King
Teta (about b.c. 3300) we read: " Teta comes to the two
heavens, Teta arrives at the two earths ; Teta treads upon
the herbage growing under the feet of Seb, he traverses

the roads of Nut." The first part of this passage ought of

itself to be sufficient to settle the meaning of the phrase
" the two earths,'' since it occurs in connection with '' the

two heavens," and, obviously, "tlie two heavens of Egypt"
would be absurd. But the second part takes us farther

still ; from it we see that the two heavens are equivalent

to the goddess Nut (the sky), and the two earths to the god
Seb (the earth).

This doctrine of duality, which has been briefly indicated,

found expression in many ways, but chielly in the titles

of the king. The word " king " itself is expressed in

Egyptian by ai'tcti nat, which, fully translated, means
" king of tlic south and king of the north." Another
common title, parallel with wicn nat, is " lord of the two

earths." The paraUeUsm, indeed, is curiously exact, for,

just as one could use " two earths" and " earth" inter-

changeably, so one could express the idea of king by either
seten or tiat—preferably the former, which from various
causes acquired a pre-eminence.
A consideration of the other symbols of the same doctrine

will take us a little deeper into the regions of mythology.
Those who only know Horus and Set from the writings of

Plutarch and his copyists will be surprised to learn that
one of the most ancient titles of the Egyptian king is "the
Horus and the Set." Accordint? to Plutarch, Typhon (Set)

slays his brother Osiris, and Horus, the son of Osiris

and Isis, defeats Set and reigns in his father's place. That
some such story as this was told in Egypt during the
Ptolemaic and Eoman periods is highly probable, and
some parts of it are demonstrably very ancient. At an
early period we hear of a desperate fight between Horus
and Set, but it does not seem to have had oritjinally

any connection with Osiris ; and the combatants are at

other times spoken of as friends and colleagues, and
not at all as the deadly enemies described by Plutarch
The king, as we have said, is called " the Horns and the

Set," and sometimes the " Golden Horus and the Golden
Set "

; he is depicted standing between the two gods, who
sometimes purify him with water, sometimes pour the
symbols of life and power over him, sometimes instruct

him in the use of arms. The two gods are spoken of as
brothers having sovereignty over the two divisions of the
earth ; and that they are identical in character is proved
by the use of the expression " the two Horus gods " as the
equivalent of Horus and Set. The famous queen
Hatshepsu (about b.c. IGOO) says on her great obehsk at

Karnak : " I bear the white crown (of the south), I am
diademed with the red crown (of the north) ; the two
Horus gods have united for me their divisions ; I rule this

earth like the son of Isis {i.e., Horus), I am victorious like

the son of Nut {i.e., Set)." It will be seen that there are
here three phrases in parallelism : first, the white and
the red crowns ; second, the two Horus gods ; and, third,

Horus and Set. The inscriptions known as " The Book of
Hades," relating to the progress of the sun through the
under-world during the night, contain two representations
of a god with two heads, those of Horus and Set, who is

called "the double-headed." In one case he stands on
two bows (evidently another of the many symbols of north
and south), and the text says :

" The two bows bear the
double-headed in his mystery ; they direct Ea to the
eastern horizon of heaven and they advance on high with
him. " Here we find Horus and Set not only conjoined in

one person but actually identified with Ea (the sun-god),
proceeding towards the eastern horizon of heaven and
advancing on high. These and other tests point to the
true interpretation of our pair of gods : they symbolize the
northern and southern aspects of the sim and his dual
sovereignty.

A much-damaged inscription which came from the
ancient temple of Memphis, and which purports to have
been copied from an older original by order of Shabaka,
an Ethiopian king of Egypt (about n.c. 700), tells us of a
fight between Horus and Set, which was brought to an end
through the mediation of Seb, chief of the gods. Seb
declared that there should bo an arbitration between the
belligerents, and summoned thoni to a mountain in the
desert to the cast of Memphis ; each stood upon a hillock

and there made peace, declaring the nome of .Vn in which
they stood to be the boundary of their territories. Seb
then ratified the arrangement, and appointed Horus king
of the north and Set king of the south. In this there is

no allusion to the cause of the combat—no suggestion
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(hat Osiris Liid been slain ; and it seems almost certain

that the scribe who wioto the account to adorn the walls

of the groat Mcmphito tcniplo was unacquiiinted with the

legend of the enmity botwoin Osiris and his brother Set,

especially as the death of Osiris is mentioned in another
connection in the same inscription. It may also-bo noted
that the pyramid texts, though they speal; continually of

all three gods, and even occasionally refer to the contest
between Ilorus and Sjt, never suggest that it was con-
nected with the death of Osiris. We must conclude,
then, that the Osiriau myth, in the form in which
Plutarch gives it, docs not bslong to the early ages of
Egyptian history. Rather was the death of Osiris quite

independent of the contest between the two Ivehus (the
name given by the I'.gyptians to a pair of gods, such as
Horus and Set, Shu anil Tefnut, Ra and Tchuti). It is

FlO. 1.—In the centre is the King Her-Hor ; on tlie right of the picture arc
Nekhebit wearing the soutliern crown, and Ilorus offering the same emblem to
tlie liing ; on the left are Uatchit and Set, respectively wearing and offering to
the king the northern crown ; over the king is the sun with the two snakes
representing the sovereignty of the north and south.

not difficult to understand, however, how, in the process
of amalgamation by Avhich the Egyptian Pantheon was
formed, the two myths would tend to coalesce and ulti-

mately become fused. But that the new doctrine never
altogether ousted the old is curiously illustrated by the
position of Isis and Nephthys. Isis was the wife of
Osiris, and Nephthys that of Set, and they ought, one
would suppose, to be in antagonism ; nevertheless,
throughout Egyptian history they are the two beloved
sisters who stand beside Osiris—the two weepers who
mourn his death, and that of the dead man identified with
him. This conception is clearly a survival of a much
older mythology than that which the Greeks and Romans
found in Egypt.
How, then, shall we explain the fight ? The most

probable suggestion appears to be that it was invented to
account for the divided sovereignty. When the " disease
of language," mythology, had personified the two aspects
of the sun, it was inevitable that stories should arise of how
the double kingdom came into being. A fight, followed by
the intervention of the great god Beb (or Tehuti, according
to another version), and a division of the territory between
the combatants, would at cnce commend itself to the "ood

sense of the early Egyptian. Be that as it may : that the

two gods did symboli/e for many ages the sovereignty over

the north and south is established beyond reasonable doubt.

Liter on, the antagonism which was originally represented

as a mere fight for territory came to bo regarded as an
allegory of the eternal war between light and darkness,

between the Nile and the desert, and even between good
and evil. This last stage, which is supposed to have been

arrived at under the inlluenco of Persian ideas, was marked
by the erasure of the name of Set from the monuments,
and the substitution of other names for his in the religious

papyri.

The duality of the Pharaoh's kingdom is expressed also

by the two goddesses Nekhebit and I'atchit, who are

represented usually by a vulture and a urieus, but some-
times by two vultures, sometimes by two ura3i, sometimes

by snake-headed vultures, and sometimes
by winged snakes. l''rom their continu-

ally receiving the same epithets as the

southern and northern crowns (notably

that of "mighty one of magical spells"),

and also interchanging with the crowns
in different copies of the same text,

it seems reasonable to infer that they

are in fact the crowns personified. Al-

though this may be open to question,

it is clear that Nekhebit and Uatchit

are goddesses of the south and north.

They usually wear the special crowns of

their respective territories, they are

represented standing on the plants em-
blematic of the two divisions, they are

constantly depicted in close association

with the two snakes depending from
either side of the sun (who sometimes
even bear their names), and they are

also found in company with Horus and
Set. One piece of sculpture seems to

sum up the whole matter very effec-

tively : the king is shown seated between
the goddesses Nekhebit and Uatchit,

each wearing her appropriate crown

;

beyond them, on either side, stand

Horus and Set offering the two crowns
to the king ; beyond these again arc

written the speeches of the gods in

making Ihe presentation, and above is the sun's disc with
the two uriei {xiv Fjg. 1 1.

Here we must close this too brief sketch of the myths
and symbols that gathered round the sun, and the Pharaoh
as his image upon earth. To exhaust the subject would
be well-nigh impossible, for, to the Egyptian, the sun was
the one grand object of worship—the creator and sustainer

of the universe ; and concerning him, in his various per-

sonifications, myths innumerable were related.

THE ROYAL SOCIETY OF PAINTERS IN
WATER COLOURS.

is to be noticed as a curious fact that in this exhi-

bition the majority of the more important pictures

are the work of artists well known to fame as painters

in oil, illustrators, or designers ; and to students

particularly this fact would seem to be of some
interest. .Judging from the pictures themselves it is

extremely difficult to find a satisfactory reason for this

superiority on the part of those who have not made water-

colour painting their specialty, for where this superiority

I
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is not maintained by a more ideal conception or truthful

rendering of nature, it is to be found in the more prosaic

qualities of technical skill.

On entering the gallery the attention is immediately

arrested by Mr. J. M. Swan's " Jaguar and Macaw," in

which we find a strength and freedom of colouring rarely

attempted by one who makes water his only medium. Mr.
George Clausen's " Tired Mower " is one of the most
admired pictures here ; yet the technique is poor, and the

figure, though well drawn, is leaning on the scythe in au
impossible manner. Mr. Clausen would certainly not have
fallen into this error had he included modelling in his

studies. Mr. Ernest A. Waterlow's little sketches are

unsurpassed as truthful copies of nature ; look, for

instance, at " The Fields in June," a very lovely bit of

sunlit meadows. In "Racing Nymphs," Mr. Weguelin
gives us a delightful conception, in which fancy, draughts-

manship, and technical skill combine with equal merit.

The works of Miss Clara Montalba, despite the repeated
trick of composition and colour, are attractive bsyond most
of their compeers. The exhibits of Mr. Herkomer, Sir

John Gilbert, Mr. Macbeth, Mr. David Murray, and Mr.
E. J. Poynter, aU hold a high place in this year's exhibition

;

and the same may be said of those sent by less well-known
painters in oil. Mr. Walter Crane, one of our greatest

cosmopolitans in the art world, sends one picture

—

" Britomart." Here, in places, we find the drawing
weak, the modelling weaker, and the colouring none too

pleasing ; but behind all is the personality of Mr. Crane,

with such a strength of conception and depth of artistic

feeling, bred of wide sympathies, that the picture is one of

the most striking and interesting in the gallery. Mr,
Abbey—whose illustrations find the most devoted admirers
in the old and new world—also sends one picture : a daring
bit of composition, overstepping, in many ways, and with
the best of results, the traditional bounds within which
the water-colour school has found all possible require-

ments for the making of a good picture.

The exhibits of Mr. Carl Haag, Mr. R. Thome Waite,
Mr. W. Callow, Mr. E. Walker, and others, are, in many
cases, equal in merit to those we notice above ; but still

the honours are held by those who have made their mark
in some other branch of the kindred arts. And as to the

reason of this '? It is not stating the case fairly to say

that the superior talent displayed is only what might be

expected from artists of well-known high capabihties, for

were not these same capabilities obtained, at least partly,

by variations of the method of study ? The greater under-

standing of his own language comes to him who is most
intimately acquainted with that of others ; and, similarly,

the colourist can bring to bear on his canvas that know-
ledge which he can obtain only by his eflbrts on paper,

and rice rersa.

We fear the general impression to be gathered from
the above is the superiority of oils as a medium for the

student ; but we must point out that Turner and others

used water for their closer studies, and found oil the better

medium for the expression of their ideal. We might carry

these inquiries into the other branches of the arts, and
with less satisfactory results, for the more mechanical and
less ideal the art, the more we find on the part of the

workman a tendency to specialization.

StiOTW Notes.—•

—

M. LippMANN has given a very interesting account of

his experiments on colour photography before the Royal
Society, and last month he also gave a discourse on the

subject at the Royal Institution. He exhibited the pictures

in natural colours which he has obtained, the vivid

character of the tints being very striking. His earliest

attempts were photographs of stained-glass windows, and
his later work includes pictures of flowers, and landscapes
showing the tints of brickwork and stonework, the green
colour of leaves, etc. The method depends in principle on
obtaining stationary light -vibrations in a sensitive film by
means of a metallic mirror of mercury placed behind it.

An interesting illustration of the length of waves of light

was given by M. Lippmann in his lecture at the Royal
Institution, when he stated that five hundred of the

stationary waves of light, arranged in succession, can exist

in a film of the thickness of ordinary note-paper. The
dimensions involved may be realized by imagining a
building of five hundred storeys, the height from base to

roof, with its successive tiers, being comprised within the
thickness of a sheet of paper.

Observations made by M. Perrotin on Mount Mounier,
at an elevation of about nine thousand feet above the sea,

have convinced him that the period of the rotation of the

planet Venus is equal to that of her revolution round the

sun, the time of both being two hundred and twenty-five

days or less. The observations were carried out in

December of last year, and in February, 1896.
«

" Ashtonian," writing from Ashton-under-Lyne, wishes

to know (1) why the honey and pollen of poisonous plants

like the foxglove are not detrimental to bees visiting the
flowers ; and, also, (2) the reason for certain of the ray florets

of the daisy being tinged with red, while the rest are white.

(1) The nectar of a number of plants is poisonous—

a

quality shared also, no doubt, by their pollen. The prin-

cipal constituent of honey is grape sugar
;
pollen grains

can usually be detected in honey, and small quantities of

other substances are present to which are due the peculiar

colour, flavour, or fragrance by which special kinds of

honey are distinguished. These substances sometimes
impart narcotic or other deleterious qualities. Bees fre-

quently fall out of gladiolus flowers in a state of helpless

mtoxication, and are therefore susceptible ; but as the

greater portion of the honey and pollen gathered by a bee
is disgorged but little altered into the cells of the comb,
only a small proportion of the poisonous principle can in

most cases be absorbed into the insect's system. As,

however, the larvit are fed on honey and pollen, it is

almost certain that bees must to some extent possess an
immunity against poisons of this class.

(2) There appears to be a law of progressive colouration

traceable in flowers, from the primitive yellow of the

simpler blossoms through white, red, and purple to the

deep blue of the highly specialized types. Most flowers

are capable of reverting to the more primitive colours

through which the species may be supposed to have passed
in the course of its evolution, but they are apparently
unable to give rise to an entirely new colour belonging to

a stage of development to which the family has not j'et

attained. In the case of the daisy it is ditiicult to say
whether the red at the tip of the ray florets is a new or a

primitive colour due to reversion ; the circumstance that

the red appears at the extremities of the petals favours the

view that it marks a new departure in the colouration of

the species, for, as a rule, new colours appear at the

outside, reversion tints at the centre of the blossom. But
by cultivation the white ray florets may be converted into

red, as in one variety of the garden daisy ; and this fact

accords fully better, perhaps, with the theory of retrogres-

sion. On this view the red tinge represents what once
was the colour of the ligulate llorets. Increase of light in

many instances is known to intensify the colotir of flowers.
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Hcttfts.

[The Editors do not hokl tliemselvcs responsible for the opinions or

statements of correspondents.]

MIRA CKTI.

To the Editors of Knowledge.

Sirs,— A miixirautn of e Ceti, Mira, was predicted

(Co)iiit(iiiion to the Ohscrratori/) for ]HS)5, December 9tli.

But as its miniimim occurred in October a search for it

was not bogiHi until late in November. Using a Lemaire
field-glass of twenty-four lines, I succeeded in linding it

delinitoly, December (Jth, and thenceforward to date it was
followed up assiduously without the loss of a single night

upon which an observation of fair value could bo obtained.

The season has been unfavourable for such work, not only

in this latitude but elsewhere throughout the States.

The following estimates are the results of my best en-

deavours ;

—

1895.
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THE APPROACHING TOTAL ECLIPSE OF THE
SUN.

By A. Fowler, F.E.A.S.

TOTAL eclipses of the sun have attracted great

attention in all times, and are justly regarded as

among the most impressive of natural phenomena.
Bo much has been written in description of them
that there are probably few readers who are not

familiar with the general features of an eclipse, although,

in the words of the late Mr. Hind, " no description could

give an idea of its awful grandeur." The vast extension

of pearly luminosity, surrounding the almost inky blackness

of the moon, is certainly quite unique, and can be likened

to nothing else.

On the 9th of August there will be a total eclipse, which
will, fortunately, be visible from places comparatively near
home, and a large number of British astronomers will take

advantage of the splendid facilities offered for making the

necessary journey. A few particulars as to the way in

Flff. 1,—Track of Moon's Shadow, August 9tli, 1S96.

which the eclipse will be utilized by the various observers

may, therefore, be of interest at the present time.

The line of central eclipse will pass through the North
of Norway, Nova Zembla, Siberia, and Japan, as shown in

Fig. 1, for which we are indebted to the editor of the

Journal of the British Astronomical Association.- In Norway
the most favourable station appears to be ^'ad£o, on the

Varanger Fjord, and it is here that the greatest number of

observers will await immersion in the moon's shadow. At
this point the duration of totality will be about one hundred
seconds, with the sun fifteen degrees above the horizon.

Astronomically, Japan will furnish the best observing

stations, but it is not sufficiently accessible to meet the

requirements of many observers. Here totality will last

more than two and ;i half minutes, and the sun will be

much higher than in Norway.
Eight stations along the line of totality, indicated by

the numbers in Fig. 1, will probably be occupied by

various parties of observers.

(1.) Near Bodo there is certain to be a considerable

gathering, although the conditions are not favourable to

serious work.

(2.) Enontekis, Finland, has been selected by one of

the expeditions of the Russian Astronomical Society, and

by Prof. Glasenapp and L. G. Vuchikhovsky.

(3.) In the neighbourhood of Vadso there will bo one

of the Government expeditions, including Dr. Common,
Prof. Lockyer, and the writer ; a large section of the

British Astronomical Association, headed by Dr. Downing
and Mr. Maunder ; Dr. Copeland, the Astronomer Royal
for Scotland ; Sir Robert Ball ; Mr. Evershed ; M. Antoniadi,
from M. Flammarion's observatory ; and many others.

(4.) Nova Zembla has been chosen by the Russian
Academy of Sciences and the Kazan Society of Naturalists.

(5.) At the mouth of the Obi there will be another
section of the Russian Astronomical Society.

(G.) Olekminsk, on the Lena, will be occupied by the
chief expedition of the Russian Astronomical Society, and
by Prof. Yoznesensky of the Irkutsk Meteorological
Observatory.

(7.) A station on the Lower Amur has been selected
by an expedition from the Pulkowa Observatory.

(8.) In the Island of Yezo, Japan, there wOl be a
British Government expedition, consisting of the Astro-
nomer Royal, Prof. Turner, and Captain HOls, R.E.; a
French expedition under M. Deslandres ; a party from the
Lick Observatory, under Prof. Schaeberle ; and another
American expedition directed by Prof. Todd.
The duration of a total eclipse is so very brief that the

utmost use must be made of every moment. Good
organization is accordingly the keynote of success, and to
this end a considerable amount of preliminary inquiry
and discussion is essential. The arrangements for the
Government expeditions have been made by a joint
committee of the Royal and Royal Astronomical Societies,

which has met at intervals during the last three years.
The principal objects to be undertaken are to secure per-
manent and unbiased photographic records of the corona,
and of the spectra of the various parts of the solar
surroundings. Such records are considered the first duty
of an organized eclipse expedition, but if instruments and
observers be available the programme may be extended
to include special pieces of research.

At the Japanese station the Astronomer Royal will

employ the Thompson photoheliograph of the Royal

* See Journal B.A.i . p. LiKS.

Fig. 2.—Prof. Lockver's Six-iiuh rrismatio Camora.

Observatory, giving an image of the sun nearly four
inches in diameter. It is not expected that the filmy
outlying parts of the corona will bo bright enough to

impress their images on this large scale ; but the very
beautiful pictures obtained by Schaeberle in ISO:? en-
courage us to hope that the finer structure of the inner
corona will be depicted with almost telescopic minuteness.
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Professor Turner will use well-tried instrumentB, which,
although yiclcliiiL,' pictures on a small scale, will K've

results strictly comparable in every particular with those

of former eclipses. The images will be small and bright,

and a special endeavour will be made to register the very

delicate regions of the outer corona. One set of pictures

will be on a scale of a half-inch to the sun's diameter, and
another one and a half inches, the latter being enlarged

by a " telophoto " lens.

At the Norwegian station the arrangements for photo-
graphing the corona will be in the capable hands of Dr.

Common. Part of his outfit will probably consist of a

modified Casscgrain reflector, giving large images of the

corona ; and other instruments which he will employ will

give relatively small but bright images similar to those

which Prof. Turner hopes to secure in .Japan.

During the coming eclipse there will be a new departure
in the instrumental arrangements for photographing the

corona. In place of the equatorials which have almost
invariably been employed up to the present time, the

photographic telescopes will be fixed, and will receive the

light of the corona after reflection from the mirror of a

the mouth of the Obi, and at Enontekis clockdriven

cameras will be employed.
If the photographs of the corona are as successful as

everyone desires, they should throw light on various points

of solar physics. The larger pictures should especially

enable us to learn something of the solar currents, "lines of

force," or whatever it may be that determines the peculiar

structure of the solar appendages. Tiie distribution of

coronal matter in different solar latitudes should also be

revealed, and an investigation of its connection with the

sunspot zones will become possible. Another point on

which the photographs permit inquiry is the low of decrease

in the intensity of the corona in passing outwards. Finally,

if success is met with all along the line, it will be possible

to determine if the corona changes its form in the interval

of about one and a half hours intervening between the

observations in Norway and Japan. It may be remarked,

however, that previous experience does not favour the idea

of such rapid changes.

In addition to the photographic records of the appearance
of the corona, there will doubtless be many attempts at

sketching. Chief among the workers in this field will be

Fig. 3.— Photogi-aiili of Eclipsed Sun, April 16tli, 1893. Taken with Six-inoli Prismatic Camera in West Africa by Mr. Fowler,

" coelostat." The new instrument is an exceedingly
portable form of heliostat which has recently been brought
to the front by M. Lippmann. It consists simply of a
mirror which is made to revolve on a polar axis in its own
plane at the rate of one revolution in forty-eight hours, in

the same direction as the apparent diurnal motion of the
heavens. In a mirror so mounted the image of any
celestial object whatever appears stationary, and a tele-

scope pointed at the mirror in any direction will have a
constant field of view.

The ofhcial observers, however, will not have the photo-
graphic field to themselves, although they will naturally
have a monopoly of work which can only be done by large
instruments. Many members of the British Astronomical
party will make use of their cameras and telescopes, and
Mr. Lunt will employ the three-inch photographic telescope
with which he has been so conspicuously successful in
stellar photography. The American observers in Japan
will be chiefly occupied in photographing the corona on a
large scale with objectives of long focus, and the same
method will be adopted by the Russian observers at
Olel.m'nsk. Several ordinary cameras will be at work at

Mr. N. E. Green, a gentleman of high artistic ability, who
is well known to the readers of Knowledge.
We now come to the spectroscopic part of the attack.

The spectrum of every prominence, every part of the visible

chromosphere, and of as many regions of the corona as

possible is to be observed or photographed, in order that

the duty of fully recording the phenomena shall be faith-

fully accomplished. It is true that the chromosphere and
prominences can be investigated without an eclipse, but it

would be unwise to completely neglect them in the bslief

that we perceive everything connected with them in our
daily observation?. At the same time, as the corona can-

not yet certainly be observed at all except during an
eclipse, and the lower reaches of the chromosphere only

very imperfectly, it is to these features that attention will be

chiefly directed.

For recording the spectroscopic appearances, instruments

of two forms are employed—those which are provided with

slits, and those which utilize the eclipsed sun itself as a

virtual slit in the form of a ring.

The ordinary slit spectroscope may be used in either of

two ways. It may be employed as an integrating spectro-
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scope by simply directing the collimator to the moon's
centre, or as an analyzing spectroscope by placing the slit

in the focal plane of a telescopic objective or condenser.

In the first case the spectra of corona, prominences, and
chromosphere will all be superposed, so that in the absence

of other evidence the spectra of the different parts could

not be separated. The use of a condensing lens enables

the observer to localize some particular region of the

corona upon the slit, and its spectrum may then be studied

apart from that of its neighbours.

Spectroscopes without slit or collimator were first

employed for eclipse observation by Respighi and Lockyer,

in 1871. The principle of this method is very simple.

In an ordinary spectroscope the function of the coUimating

lens is to render parallel the rays proceeding from the slit

;

and the " lines" which one usually associates with spectra

are simply images of the slit. If the ordinary slit be

replaced by a circular one the spectrum lines become
spectrum rings ; indeed, the shape of the slit in all cases

is reproduced in the " lines." The rays proceeding from
the sun are already parallel, so that a collimating lens is

superfluous, and the eclipse itself is at once the source of

light and the slit. The eclipsed sun is in reality a number
of independent slits : one—a complete ring—corresponding

to the corona, and others of irregular form corresponding

to the different parts of the chromosphere and prominences.
Each "line" in the spectrum of a prominence is repre-

sented by a picture of the prominence, and if different

vapours are unequally distributed these images will differ.

^Yhen the slitless spectroscope is employed for photo-

graphy it becomes a
" prismatic camera,"
and takes the form of a

large prism placed in

front of the objective of a

photographic telescope.

Such an instrument is

shown in Fig. 2, and a

photograph taken with it

in Fig. 8, both of which
we owe to the kindness

of Prof. Lockyer. As a

single exposure gives Fio. 4.—Prominences in K
the spectrum of every

part of the solar sur-

roundings, the prismatic camera provides a very complete

record of the spectroscopic appearances during an eclipse.

For a considerable interval before and after totality the

sky illumination is sufiiciently reduced to show the

chromosphere spectrum near the cusps of the crescent

sun, and very valuable photographs may therefore be

taken out of totality. Incidentally it turns out that the

prismatic caruera is the best possible instrument for

photographing the solar prominences. This is illustrated

in Fig. 4, which is an enlarged view of a group of

prominences photographed in K light during the eclipse of

1893.

Captain Hills has provided himself with a very fine slit

spectroscope, having four quartz prisms and a condensing

lens of four and three-quarter inches aperture, with which

he hopes to photograph the spectrum of the corona. The
instrument will be fixed on a horizontal base, and the

rays of Ught from the eclipsed sun will be reflected into

it by a heliostat of the ordinary form.

In Norway the principal spectroscope to be employed

by Prof. Lockyer and the writer is a prismatic camera of

six inches aperture, which was very successfully used in

Africa in 1898. The instrument is mounted as an equa-

torial, and the arrangements provide for the exposure of a

large number of plates in quick succession. An integrating

spectroscope will also be employed by Prof. Lockyer.

We understand that Dr. Copeland wiU be armed with

a prismatic camera, whOe Mr. Evershed will employ

spectroscopes of both forms. The Russian party at

Olekminsk will also be provided with a slit spectroscope

arranged to photograph the coronal spectrum, and this

method will probably be followed by M. Deslandrea in

lapan.

As the photographic plates cannot yet be relied upon tu

completely delineate the less refrangible parts of the

spectrum under the special circumstances of an eclipse,

they will be supplemented by visual observations. Mr.

Maunder intends to use a slitless spectroscope to study

specially the distribution and extension of the green ring

corresponding to 1471 K, and it is hoped that other

observers will similarly record the appearances of the

yellow line of helium and the red line of hydrogen.

Apart from adding to our scanty knowledge of the un-

doubted coronal spectrum, and its possible variation from

one eclipse to another, one of the chief points on which it

is hoped that the spectroscopic work will enlighten us is

the location in the sun's atmosphere of the vapours which

produce the Fraunhofer lines. There is httle doubt that

the base of the chromosphere—the so-called " reversing

layer "—is rich in bright lines, but the precise relation of

these to the dark ones of the Fraunhofer spectrum is by

no means understood.

Among the more special investigations which will pro-

bably be undertaken one may mention that Dr. Downing

r.isht. Prismatic Camera, 1S93.

wUl make polariscopic observations, with the view of

ascertaining the proportion of reflected to intrinsic light

in the corona.

Photometric observations, having for their object the

determination of the general brightness of the corona, will

probably also be made at some of the observing stations,

easy methods for doing this having been suggested by Mr.

Maunder and Mr. Lunt. Mr. Crommelin has drawn
attention to the desirability of recording the attendant

phenomena, such as the mysterious " shadow bands," and
some of the observers who have no telescopes will doubt-

less keep a look-out for such appearances.

The Russian observers at Enontekis will study the

relation of the coronal spectrum to that of helium, and

there is little doubt that M. Deslandres will endeavour to

test the truth of his conclusion from the observations of

1898, that the corona shares in the general solar rotation.

Prof. Voznesensky's object during the eclipse will be to

investigate the meteorological effects which accompany
the temporary obscuration of the sun's hght and heat.

From what has been said it is evident that there will be

no lack of observers during the forthcoming eclipse, and
all friends of science will wish them the utmost success in

the various researches undertaken.



134 KNOWLEDGE [June 1, 1896.

PHOTOGRAPH OF THE CLUSTER MESSIER
24 CLYPEI.

By Isaac Kohkuts, D.Sc, F.R.S.

R.A. 18h. 12m., Decl. S. 18' 28'.

Til]'',
photograph covers the region bctwceu R.A.

18h. !im. l.'is. and Ish. Kim. 23. Declination

between I?'' 49' and 19'' 2' south.

Scale, one millimetre to twenty-four seconds of

arc.

Co-ordinates, for the epoch a.d. 1900, of the fiducial

stars marked with dots.

Star (•). D.M. No. 1801. Zone - 18''. R.A.,

I8h. 9m. 883. Decl., S. 18'=' 11-4'. Mag., 6-8,

Star (•). T).M. No. 4880. Zone - 18'^. R.A.,

18h. 11m. :!7'ls. Decl., S. 18° 80'()'. Mag., G-7.

Star (.•.). D.M. No. 4896. Zone - 18°. R.A.,

18h. 12m. 51s. Decl., S. 18' 89-6'. Mag., 73.
Star (::). D.M. No. 4900. Zone - 18°. R.A.,

18h. 12m. 5(i-4s. Decl., S. 18' 12-5'. Mag., 8-2.

Star (::). D.M. No. 492G. Zone - 18°. R.A.,

I8h. l.'im. 28'7s. Decl., S. 18° .54'2'. Mag., (iO.

The photograph was taken with tlic •20-inch reflector on
August 14th, 1895, between sidereal time 18h. 57m. and
20h. 57m., with an exposure of the plate during two hours.

References.
The cluster is N. G. C, No. 6G03 ; G. C, No. 4397

;

and h 2004.

Sir J. Herschel (G. C, 4397) describes the cluster as

remarkable, very rich, very much compressed, round, and
the stars of the 15th magnitude.

The photograph shows the cluster to be in shape some-
what resembling a horseshoe, with the open side pointing
towards the narth prccaUmi, and the stars, both in it and
in the regions around, ar-e in lines and curves of various

form. The stream of the Milky Way is well shown on
the photograph, with dark spaces in which are few stars,

and in some places none ; the brightest star on the plate

is only G'8, and the faintest about 17th magnitude.
The white line which is shown on the cluster consists of

five or six stars so close together that their photo-images
overlap ; and on several other parts of the plate where
the stars show an elongation, it is due to double or multiple

stars.

There are doubtless many of our readers who possess a
telescope which is eqnatorially mounted, and would like to

examine visually those parts of the sky where are the mar-
vellous groups and curves of stars which are shown on the
annexed as well as on other photographs already published
in Knowledge ; and, in order to enable them to point their

telescopes upon such objects, the application of the following

simple methods will suffice.

Let us suppose that it is desired to determine the co-

ordinates (right ascension and declination) of the centre
of the small group of stars sixty-six millimetres from the
north edge and eighty-five millimetres from the priredimi

edge of the photograph annexed ; and also to ascertain

what would be the diameter of a circle drawn on the
photograph that would be equal to the field of view of an
observing telescope, which we will assume to be five

hundred and fifty-two seconds of arc in diameter ?

Two questions are herein involved, and we will answer
the second in the first order. The scale of the photograph
is, as ah-eady stated, twenty-four seconds of arc to one
millimetre, and the field of view of the observing telescope

five hundred and fifty-two seconds of arc ; the measured
diameter, in millimetres, of a circle drawn on the photo-
graph will therefore, obviously, be ''/^?"= 23 millimetres.

If we take, between the points of a pair of compasses, the

radius 11*5, and with it describe a circle on a piece of

paper; then cut out the interior and apply the vacant
circle of twenty-three millimetres in diameter to any part
of the photograph, it will, approximately, represent the

telescopic field of live hundred and fifty-two seconds of arc

in diameter ; where, within a corresponding coincident

ai-ea in the sky (if the telescope is of sufficient power to

show stars down to about the 17th magnitude), all the

stars shown on the photograph would be visible.

The other question—how to determine the co-ordinates

of the positions of any star or other ol)ject shown on the
photograph—will be answered in the following manner :

—

First.—How to find the right ascension of the centre of

the group of stars referred to above :
—

TIm' R.A. of fill- (icluciiil star ( : :) - 181i. 12m. .56-48.

„ (• ) ^ l«'i- l'"i 37-18.

Oh. Im. 19-3s. = 79-3s.

(the difterence in R.A. between them). We must now
convert these 79-3 seconds of time into millimetres for

measurement purposes, and that can readily be done by
aid of the table annexed, which is computed to show the

value of one millimetre, in seconds of time, at each degree

in declination between the equator and the poles. The
declination of fiducial star (: :) is 18' 12-5' sauth .- and by
referring to the table we find the value of one millimetre

at eighteen degrees from the equator to be 1-68 seconds of

time in R.A., and therefore
^y^J';,,,

= 47'2 millimetres.

Take this distance between the points of a pair of dividers

;

place one point on the centre of the fiducial star (: :)

and extend the other point towards the /nrreilini/ side

;

at the same time place a rule, having a fine edge, in north

and sy((f/i direction so as to bisect both fiducial star (••

)

and the disengaged point of the dividers.

The edge of the rule is then on the meridian

(18h. 11m. 37-ls.) of the fiducial star ( • • ) ; and whilst

the rule is firmly held in this position, measure the

distance of the centre of the group of stars herein referred

to from it, which will be found to be 3'2 millimetres.

Then 3-2 x 1-G8 ^^ 5-37 secorids of time, being the

distance in R.A. of the centre of the group from the

meridian of fiducial star ( • ), and 18h. 11m. 37-ls. -f

5-37s. = 18h. 11m. 42-47s. is the required R.A. of the

centre of the group.

Second.—To find the declination of the centre of the

group :

—

The declination of the iiducial star ( - • ) is 18" 30 0' .

(::) „ 18° 12-5'

0° 17-5' = 1050" of are,

which is the difference in declination between the two
stars ; and since the scale of the photograph is twenty-

fourseconds to one millimetre, 1050' : 21" — 43-75 milli-

metres. Take this distance between the points of the

dividers, and place one point on the centre of fiducial

star ( • • ) and extend the other point towards the north .-

at the same time place the rule with its edge in the

direction of a parallel of declination, and bisecting both

fiducial star (: : ) and the disengaged point of the dividers.

The edge of the rule is then in the parallel of declination

of fiducial star ( : : ) ; and whilst the rule V3 firmly held in

this position, measure the distance of the centre of the

group of stars from it, which will be found to be 6-5 milli-

metres. Then ()-5 x 24" = 2-G minutes of arc, and by

adding this quantity to the declination of iiducial star ( :

:

)

we obtain the declination required of the centre of the

group : which is 18° 12-5' + 2-G' = 18^ 15-1'. Refraction

in this case will be a small quantity, but if required the

correction for it can be made in the usual way. -

The fiducial stars (
• • ) and ( : : ) have been chosen in
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these illustrations basiusa they are the nearest to the

object the position of which is required, and it will be

understood that the same result could have been obtained

by usini; instead of them any other two of the fiducial

marked on the photograph. The fiiucial star (:•:) is

Y Sacfittarii, which is variable between .5-8 and 66
magnitude.

A Table
For converting the measured Riffht Ascensions of the Stars

shown on the Photographs ( which are to the scale of

1 millime:re to 24 seconds of arc I
into intervals of

time at each Degree in Declination between the

Equator and the Pole.

Decli-
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SHORT NOTIOES.
Principles of MetaUiirgi/. B_v Arthur H. Iliorns. (Miiemillan.)

lUiistrotod. (is. Tlio author's " KU'iiientnry Motiillurpv " is alreiicU

well known to students ol" tlio subjci't. and tlu' prt'st'iit woyV forms an
admirabli- soiiuel to it. Besides exphiiniu'j tlu- i)rini'ipli's of metal-
lurgy, ami giving other valuable infornuition, il expounds the views
of modern nietallurgiats, and the methods of exlnioling various
metals from their ores.

Firxt Stai/e Mechanics. By F. Rosenberg, M . A . (Olive.) 2s. This
work has been designed, we ai-e told in the preface, to eover tlic

requirements of the elcnu-ntarv stage of the Science and Art Depart-
ment in the theoretical mechanics of solids. To this end the work
is cminentlv successful.

Practical Inorganic Chemistri/. By d. S. Turpiu, M.A., D.Sc.
(Macniillau.) Illustrated. 28. 6d. This is a clear and practical

guide lo ehMuentary chemistry.
Submarine Telegraphii. By"James Bell and S. Wilson. {Elect ricifi/.)

Illustrated. Is. (id. This book is composed of reprints of ])apers

which were )iublished under the heading of "Technical Telegraphy
Papers" in Kleclricity. It should prove useful to telegrajihists.

Messrs. Wesley & Son send us a very full catalogue of valuable
books wliich should be seen by every zoologist.

I * I

BOOKS RECEIVED.
Artistic and Scicntijic Taxidermi/ and Modelling. By Montagu

Browne, F.G.S., F.Z.S. (A. & C. Black.) lUustrated. 2l3.

Introduction to the Stiidi/ of Fiiur/i. For the Use of Collectors.

By M. C. Cooke, M.A., LL.D." (A. & C. Black.) Illustrated, lis.

A Dictionari/ of Chemical Solubilities— Inorganic. By A. M.
Corney, Ph.D. " (Macmillan.) 15s.

A Compendium of General Botany. By Dr. Max Wcstermaier.
Translated by Dr. Albert Schneider. (New York : Wilev. London :

Chapman & Hall.) Illustrated. 8s. 6d.

The Elements of Physics. By E. L. Nichols and W. S. Franklin.
Vol. I.

—
" Mechanics and Heat." (Macmillan.) Illustrated. 6s.

A Handbook- of the Order Lepidoptera. By W. F. Kirby, F.L.S.,
F.E.S. Part I.—" Butterflies." Vol. II. AUen's Naturalist Library.
(Allen.) Illustrated. 6s.

Handbook- for the Bio-Chemical Laloratory. By J. A. Maudel.
(New York : Wiley. London : Chapman & Uall.) 6s. 6d.
Milk : its Nature and Composition. By C. M. Aikman, M.A.,

D.Sc. (A & C. Black.) Illustrated. 3s. (id.

Meteors and Sunsets observed at Lick- Observatory in 1S93, 1S94,
and 1895. (Sacramento; A.T.Johnston.) Illustrated.

Biological Experimentation. By Sir B. W. Richardson, M.D.,
F.R.S. (Bell & Sons.) 23. 6d.

Notes on the Revised Latin Primer. By A. A. Ogle, B.A.
(Relfe.) Is.

WAVES.-VI.
STANDING WAVES IN FLOWING WATER.

By Vaughan CoENisH, M.Sc.

WAVES of flowing water are the familiar surface

corrugation of babbling brooks, rippling

streams, mountain burns, the rapids of

rivers, and the tide races of the sea. There
are also most beautiful varieties of these

waves to be seen where water cuts a channel through a
sandy bed in making its way across the beach to the sea,

as shown in Fig. 1.

If a stone too heavy for the current to move be thrown
into a shallow, rapid, brook, the water rises in a heap over
the obstacle, the forward motion of the water being checked,
and an upward slope being given to the current, whilst on
the lee side of the obstacle the water gathers speed
as it slides along the downward slope of the billow, and
falls below the proper level of the stream. If we watch
attentively the course of events, we find that a second
billow is quickly formed to leeward of the first, and then a
third and a fourth, and so on ; until the lengthening
group of diminishing waves extends to a considerable
distance down stream. Each wave crest maintains its

position relatively to the stone, and from this comes the
term standing wave, for there is apparently no bobbing
up and down as in the stationary {i.e., non-progressive) sea

waves which may be seen near a vertical breakwater,
or in harbours, or in docks. Sometimes, however, they
are called stationary waves of flowing water, but standing
waves is a more descriptive term. It is further to be
noticed that although the wave crests are stationary rela-

tively to the stono wliich produced them, yet they travel

relatively to the water. The stone and the water are in

relative motion, just as when a boat is tugged along a

canal the boat and the water are in relative motion. A
canal boat, if moving sufliciently quickly, is followed by a

group of waves, each crest keeping its position relatively

to the boat as long as the \elocity of the boat remains the

same. Most of the facts which are known about canal-

boat waves may be applied directly to standing waves in

shallow streams. If the stone which we used to form the

group of standing waves be slowly rolled down stream by
the force of the current, the group of waves moves with it.

If, on the other hand, we attach a cord to the stone and drag

it up stream, the group of waves travels up stream with the

stone. If the velocity of the stream should sliicken, the

length from crest to crest of the waves to leeward of our
stationary stone is diminished ; if, on the other hand, the

stream should swell, and flow more quickly, the wave-
length is increased. The relation of wave-length to

velocity is the same as in the case of canal-boat waves.
The diii'erences of level in the standing waves are such

as to balance the diflerences of horizontal pressure, the free

surface of the water being a surface of uniform pressure.

Thus the height of the first hillock of water depends upon
the pressure of the stream upon the stone. It will be
noticed in looking at the waves of rapid streams that their

steepness is often much greater than that which is attained

by wind-formed waves, and is comparable to the steepness

of " steamboat waves." When a particle of water has been
forced by the current to the summit of the heap which
surmounts the stone, gravity pulls it down, and the inertia

of the motion thus imparted carries it below its proper

level, from which the hydrostatic pressure of the neigh-

bouring water again raises it ; and so the oscillation goes

on, the amphtude diminishing at each swing. The particle,

however, has a forward motion given by the current, as

well as the pendular oscillation, so that at the end of the

oscillation the particle is not in the same position as that

from which it started. The pull of gravity causes the

particle to occupy successively positions above and below
the proper stream level. There is also an alternate back-

ward and forward motion relatively to the current, as the

current would be if the stream were allowed to flow

uniformly without the interruption caused by the stone.

The forward motion of the surface particle is retarded when
it is above the mean level of the stream and accelerated

when it is below the mean level. On the whole, therefore,

the (rave motion of the particle is the repeated description

of a closed curve about the positions which it would
successively occupy if flowing in the undisturbed stream.

The actual motion compounded of current and wave motion
of a particle on the corrugated surface of a stream is similar

to the motion of the car of the switchback railway : slow,

horizontal, on the top of the hill, gaining velocity on the

downward slope, flying up the lower portion of the next

hillock with the aid of the momentum gained in its fall,

but with slackening speed as it rises ; its velocity less than
that proper to the stream at all points above the nodal line

of the undisturbed level of the stream, greater than this at

all points below the nodal line. That the general velocity

of the stream under the troughs is greater than that under
the crests, is sufficiently obvious from the fact that when
a group of standing waves has been formed the current

which flows is constant in quantity. Therefore the same
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amount of water passes per second across a shallow section

(under the troughs) and across a deep section (under the

crests).

If the stone be tugged up stream the length from crest

to crest is greater than if the stone be at rest, for the

velocity of the current relatively to the stone is increased.

As the speed of the stone up stream is increased the wave-

length continually increases, but the train of waves becomes

shorter, as in the ease of a canal boat, until, when the

velocity of the stone relatively to the current is equal to

the velocity of a free long wave in a channel of the given

depth, there is no longer a train of waves but a single

hilloclv accompanying the motion of the stone. When this

state of things has been reached the vertical oscillation of

when the current rolls a stone down stream, we should

find the wave-length shorter than in the case of a stationary

stone, because the relative velocity of stone and current is

diminished.

In all cases where a [iroup of waves is formed, one wave
making many, the energy travels slower than the wave

;

it falls behind the wave and makes another, so that the

group lengthens, the tail of the group moving more slowly

(relatively to the current) than the head, just as in the

track of ships {vi<te KxcvN-LEDaE, March and April, 1896).

It wiU often be noticed that the first wave crest to lee-

ward of a stone in a shallow stream (the first wave being

that which has greatest amplitude) is a cusped or

breaking wave, the cusp being, of course, on the up-stream

Fio. 1.—Rliossilby Bay. From a Photojrapli by Mr. F. II. Worsley-Beuison.

the water particle is insignificant compared with the hori-

zontal component of the motion. For shorter waves from
stationary obstacles in ordinary shallow streams the motion
is presumably elliptical or approximately so, the ellipse

becoming more nearly a circle for shorter waves in deeper
water. If we were to push our experiment of dragging a

stone up stream beyond the critical velocity, the effect would
be that the stone would leave the " solitary" wave behind
it, the velocity of a free solitary wave being strictly limited

by the depth of the stream. In this way a number of

independent solitary waves might be produced on the lee

side of the stone.

If, on the other hand, we wero to watch what takes place

side. This happens when the downward rash of the

water on the lee side of the obstacle carries the water

surface far below the proper level of the stream, so that

under the trough the water is very shallow, and under the

crest relatively deep. This is a similar condition to that

of the breaker of the seashore : the wave velocity in the

crest is greater than that in the trough ; the crest therefore

gains upon the preceding trough and overhangs it with a

trembling cusp. But the cusped wave to leeward of a

stationary stone in a shallow stream docs not usually fall

bodily forward, as finally happens with the wave breaking

on the beach, for it remains in the same depth of water

,

Occasionally, liowcver, when the current happens to be.
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momentarily diminished, tlie cuspedwave will roll forward

and fall, like tho breaker on the seashore.

In passinj,', it may bo mentioned that the foam from tho

cusp of a standing wave is not ordinarily like the creiiminp;

fnith of the sea broiiker ; the bubbles are eohcrent, well

formed, and often uf large size. Sometimes they may bo

seen rolling like glass marbles on tho upstream slope of the

cusped wave.

During the return of a breaker, when a current of

water is running down the slope of the beach, one may,
under favourable circumstances, see all gradations between
the standing waves of running water and the ordinary

waves of the sea, which are running waves in standing

water. The best conditions are a moderately sloping

beach and a long interval between the arrival of succeeding'

breakers. The stream made by the return of the breaker

is constantly shallowing on the land side and becoming
deeper on the seaward side. Hence, if the pebbles which
are dragged seawards with the current, or any other

and the beach. This afifords a good opportunity of
watching running waves and standing waves on the same
sheet of water ; and tli(> foam on the surface enables one
to discriminate nadily the two kinds ol' wave, for the

foam in tho current travels with the stream, passing

over the standing waves, whereas the running waves
pass the foam, leaving it behind them. The waves of

running water are to bo seen on the grand scale in the

tide races, which run like rivers in the sea—sometimes, as

off Portland IJill, with a velocity of six or seven knots. If

the water be rather shallow, standing waves are caused by
irregularities of the bottom, but this is not the only way
in which they are produced. Anything which makes an
extra pressure at any point in a stream gives rise to stand-

ing waves. They arise, for instance, where a current meets
still water, as is the case on either edge of tho rapid

current which flows out through the opening in Portland

Breakwater. When two currents meet at an angle, standing

waves are also raised.

Fig. 2.— Rapids on tlie Tees. From a Skctcli

irregularity of the bottom, should corrugate the surface of

the stream, we may got a true breaker in running water :

the back of the wave is accelerated (i.e., is hastened
shorewards) as the water deepens to seaward ; the front

of the wave is retarded as the water shallows on the land

side ; and at last the little breaker is stranded and falls

flat upon the beach. More often than not the next

incoming sea wave has arrived before this happens, and
this gives a similar but more striking efftct. This is the

little breaker, which may be noticed on calm days and
when the wind is ofi shore, of which the bottom seems to

be tripped up by the heels— if one may be allowed the

expression— the whole of the advancing ridge falling "flop''

upon the shore. If the beach be sandy the water in this

breaker is always yellow and turbid, even on a calm day
when the ordinary breaker is clear and transparent.

If there happens to be a shoal close to the shore,

standing waves may often be seen where a current is set

up parallel to the coast in the channel between the shoal

When the surface of the sea is agitated simultaneously

with wind waves and standing waves, the result is a wild

turmoil of waters almost impossible to follow with the eye

or to analyze with the mind. The races and overfalls of

the Channel are described with a certain rough picturesque-

ness in the " Sailing Directions for Pilots." The following

account of Portland Race is from the twelfth edition of

'•The Pilot's Handbook for the English Channel" :
—" From

about 2h. to llh., F. and C. (or from the time of ^ ebb to

nearly the end of flood in Portsmouth Harbour), there is an
outset from the West Bay, on the N.W. side of Portland,

of nearly !)h. duration, which closely skirts the rocky shore,

and gradually increases in strength as it approaches the

Bill, where it acquires such velocity as to extend far beyond
that point before it turns to the E., leaving a strong eddy
between it and the land. Having assumed its E. course,

it rushes 6 or 7 knots an hour, during springs, past the

pitch of the Bill, leaping and foaming over Portland Ledge
with great violence During spring tides the
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agitation ia so violent in the Eace as to render it dangerous
for small vessels ; and in tempestuous weather, when the

West channel stream is running to the eastward, the whole
space between Portland and the Shambles is one sheet of

broken water."

In the older " Sailing Directions for the English
Channel " (1835), Captain White, R.N., gives a very

explicit account of tlie causes which produce the standing

waves in the principal races and overfalls of the Channel.
The following passages are condensed from this book :

—

"Off Scilly, S.E. and South of St. Agnes Island, there is

great rippling or overfaU, between IV. hours flood and
II. hours ebb, occasioned by the confluence of two streams
of tide there at that period Off the Lizard, south

of the Stag Rocks, there is always an extensive rippling on
both streams of tide ; but this is chiefly occasioned by the

unevenness of the ground. There is another extensive

race, or rippling, to the S.E. of the Lizard (off Black
Head), occasioned by the confluence of the tides. Off" the

Start there is considerable rippUng, occasioned by the

confluence of the fair-channel tide with the in-shore

streams between Start Point and Dartmouth and within

the Skerries. The Portland Race is caused by the rocky
ledge which projects somewhat more than a mile in a

southerly direction from the Bill ; both sides whereof being

remarkably steep, the consequent transition from deep to

shoal water is very sudden. The overfalls off St. Alban
Head are chiefly caused by the unevenness of the ground.
The overfalls off St. Catherine and Dunnose are also partly

caused by the various sudden transitions from deep to

shoal water in that neighbourhood."
A group of standing waves may originate from a hole in

the bed of a stream as well as from a hump on the bottom.
It depends upon the velocity and depth of the stream
whether the water will be raised or depressed over the

hole ; in a rapid shallow stream it is depressed over the

hole. Hollows worked in the bottom of a stream flowing

across a sandy beach frequently originate a train of

standing waves. These holes are, I think, generally

formed by the action of an eddy, or upward swirl in

the water. The sand which rolls along the bottom of

the stream keeps filling in the hole on the up-stream
side, but the vortex scours away the sand on the lee side,

so that the hole moves down stream. With it, of course,

the group of standing waves to leeward moves down
stream also. Another way in which standing waves are

formed in these streams is by the convergence near the

middle of the stream of ridges of water maintained by
the pressure of the current upon the opposite banks.
This gives rise to waves of very little lateral extension,

but often of considerable heiglit at their middle part.

These likewise move down stream as the banks are con-

tinually eaten into by the currents. The most interesting

thing about these groups of waves is that under each is a

group of sand tvann, which, when we look straight down
upon the stream, are often more conspicuous objects than
the corrugations on the surface of the clear water. Fig. 1

shows the kind of locality in which to study such sand
waves, and the kindred phenomenon of Ripple-Mark.
Fig. 3 shows a water wave and sand wave, the dimensions
being h-om actual measurements. It will be noticed that
the wave is deeper over the crests than over the troughs,
the amplitude of the water waves being greater than that

of the sand waves. In order to watch standing water
waves car\Tng ridge and furrow in a sandy bottom, I have
strewn sand on the lee side of a stone fixed on the hard
bottom of a stream. To the leeward of the stone were
standing water waves, and as the sand was rolled down by
the current it was rapidly carved into ridge and furrow of

symmetrical form. In this case the stone was fixed, and
the positions of the corrugations of the water surface

were also fixed relatively to the banks of the stream. The
grains of sand could be watched rolling rapidly over the
farrowed bottom, but the ridges and furrows in the sand
maintained their positions unaltered as long as the supply
of sand was kept up. This means that the sand wave is

travelling against the stream with the same velocity as

that with which the sand grains travel with the stream.
In the case of sand waves under a group of standing

waves which are moving down stream, the sand ridges

move down stream also, keeping pace with the corrugations
of the surface. The movement of the sand wave can be
watched, and wUl repay the trouble of watching. If a
small flat stone be dropped into a furrow or trough, it is

speedily buried by the surface sand which rolls down upon
it from the proceeding crest on the weather side. It is

always the surface sand that moves, the lower layers

Fig. 3.—Waves of Flowing Water and Rolling Sand,

Fig. 4. —Wares of Flowing Water and Flying Sand.

having to be uncovered before they roll freely. Soon the

stone is under the crest of a sand wave, presently it

emerges on the up-stream side as the crest moves on.

These are waves of rolliii;/ sand in which the top layer

moves ; but it is not alv.-ays the same grains of sand which
are at the top. The grains at the surface of the weather
slope of a ridge are carried over to the trough, and are

speedily buried by the grains of the next layer brought from
the weather slope of the ridge ; and so the motion of the

ridge continues, the grains moving very quickly, but the

form of the sand progressing slowly because the ridge con-

tains many layers of sand grains. The down -stream
movement of the ridges is the motion of the (jroup of

sand waves, and the velocity of the ridges relatively to the

bank is the group velocity. Above the compact but

mobile sand which forms these waves the water is clear :

there is no flying or floatmg sand.

Further down the stream, when the water is flowing

strongly, matters are different. The stream gathers sand

as it goes, largely by erosion of the banks, and, as we
near the sea, the sand is looser. The sand flies along in a

turbid current of sand and water, sometimes covered by
clear water, but often rendering the whole stream turbid.

At those places where the stream narrows and the waters

rush together from the sides, or where two minor channels

converge, or whore pressure-ridges from impact of water with

the sides of the channel meet, the water is thrown into

standing waves, close under which sand waves are formed.

These waves move »/i stircim : yet their origin is generally

in the action of the water upon sand which is constantly

being carried down stream. Even if they originate from a
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stone firmly fixed in the bed tbo waves move up stream,

though the head of the group cannot advance beyond the

stone. It often liappcng that tbo condition which pro-

duced tlie corrugation of the water surface is annulled,

leaving the group of waves still in existence, and the waves
continue to move up stream. It is then interesting to

note what happens to the first wave of the group which is

exposed to the action of a straight-forward current. It

continues to move up stream, the crest of water above and
the ridge of sand below ; but the sand ridgo becomes lower

and lower, its up-stream motion continuing, however,
until the ridge has been quite scoured away. The first

water wave has now disappeared, and the second sand
ridgo is exposed to the straight-forward current and
is in like manner scoured awav—persevering, however, to

the end in its up-stream motion. Thus the whole group
is obliterated, but for a time the sand ridges maintain the

corrugations on the surface of the water. It is also to the

sand waves, I believe, that the upstream motion of both
sand wave and water wave is due. We have here to do
with flying sand, as I have said, and flying sand is also

falling sand. There is a constant sand-rain falling

through the water, and it is often possible to see quantities

of sand dropping on the upper half of the weather slope of

the ridges. Of course, the sand does not drop vertically
;

it falls very obliquely, for the downward motion through
water is slow. Consider, then, as a first approximation,
that the sand-rain comes down obliquely in straight lines.

The weather slope of a sand hill, which is tilted up to

meet the shower, is of course more exposed to the shower
than the leeward slope ; so that when there is much flying

sand in the stream the sand ridge moves up stream,
carrying with it the water ridge. When the up-stream
waves extend the whole way across the channel, the path
of the sand particles may sometimes be seen to be curved
outward towards the edges of the stream, a motion which
seems to help in building up the ridges at their two ends,

and which probably assists to some extent the up-stream
motion.

By examining the waves somewhat higher up the stream,
it is often possible to hit upon the position where the waves
are stationary ; still higher up one may sometimes see very
similar waves which are going down stream, in which the
shower of flying sand is not sufficiently dense to maintain
the ridges in place.

A RARE METAL.
By T. L. Phipson, Ph.D.

AT
the beginning of this century the great Swedish
chemist Berzelius discovered a new metal in

some Norwegian rocks, and dedicated it to the
mythological deity of the ancient Scandinavians,

the god Thor, by calling it thorium : the mineral

in which it was found was also called thorite.

It was at a period at which great activity was manifested

in the search after new substances contained in rocks,

mmerals, and rare or precious stones. Chemists had not

jet made much way into the mysteries of the organic

world. They were not acquainted with the marvellous

products which have since been derived from plants

;

animal chemistry was very little known ; but a great

insight was being obtained into the nature of the con-

stituents of minerals, and ever since the middle of the

ei,i;htcenth century discoveries of new metals were being

made with astonishing rapidity,

During this extremely interesting period of scientific

research, when men like Humpliry Davy, Lavoisier,

Klaproth, and Berzelius vied with each other as dis-

coverers of the secrets of nature, considerable nu nber;! of

most curious substances were brought to light—metal;

which, to this day, are scarcely known, even by name, to

the general public, and are still little enough known,
indeed, to the mo-.t eminent of our modern chemists.

Cerium, for instance, was lound in a kind of granite rock

in Sweden, glucinium in the emerald and beryl, zirconium
in a precious stone I'rom the East called jargon, and
titanium in the black sand of some Cornish streams.

When a new substance is thus discovered, the thought
that it may some day be applied to a useful purpose is

generally quite absent from the mind of the discoverer.

Ho is perfectly satisfied with the novelty of the discovery.

Only those who pass their existence in a laboratory devoted

to research can realize the intense interest with which
every new property of these rare curiosities is studied.

The book of nature is really more attractive than the

finest pages of the greatest writers, and as its secrets are

gradually revealed they rivet the attention more and more,
quite independently of the possible application of these

revelations to any particular art or industry. Neverthe-

less, it must be confessed that in these practical days such
considerations are not always so entirely absent from the

mind as they used to be.

It is needless, perhaps, to say that, of all the new metals

which have come to light since the middle of the last

century, very few have come to any extent into daily use.

Hitherto, by far the most unpromising, perhaps, in this

respect, has been the metal thorium, And its oxide thuria.

It was found in a blac'c, shiny mineral, resembling

black glass, sticking in the Norwegian granite rocks, and
afterwards in a few other stones of various colours, where
its presence was thought to bo accidental. It possessed

no very striking properties. The oxide (thoria) is white,

and forms white salts with acids ; no colours are obtained

with it. In fact, it was no more interesting in its chemical
behaviour with other substances than common lime, to

which it bears a good deal of resemblance. But it was
very heavy, very infusible, and very rare ; and it was cer-

tainly quite distinct from any substance which the crust of

the earth had, as yet, yielded to the inquisitive searcher

after new metals.

Thoria was first found combined with silica upon the

little island of Loeven. not far from the small town of

Brevig in Norway. It was discovered by a Swedish
diplomatist named Esmarck, and handed to his friend, the

chemist Berzelius, that he might analyze it and so find out

what it was. In making this analysis Berzelius soon

discovered that he was dealing with an entirely new
substance. Some time afterwards the same new substance

was found by the late Prof. Woehler, the celebrated chemist

of GiJttingen, and a pupil of Berzelius, in a stone from the

Ural Mountains called pyrochlore, which is also found in

Norway ; and more recently it has been met with iu another

rare mineral called monazite.

It was soon seen to bo extremely difficult to smelt the

metal out of the oxide of thorium, as we get iron or copper

out of their oxides, by heating it to a very high temperature

with coal or charcoal. However, Berzelius did manage
to get out a minute quantity of the metal by other

means, and obtained it as a metallic powder, not unlike

lead in colour and appearance. He foimd that when
this metal was heated red-hot in the air it took fire,

and burnt with a most extraordinary brilliancy. The
light emitted was even more strikingly brilliant than that

produced by the combustion of magnesium, which is at

present so much used by photographers and makers of

fireworks.
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Now, this light- giving property of thorium is just

bringing out this rare metal from the complete oblivion in

which it has lain for nearly seventy years. Whilst we are

writmg these few lines search is being made in many
parts of the world for stones, rocks, or sands which may
perchance contain a certain quantity of this now precious

substance, hitherto a mere useless chemical curiosity.

It has been found out, indeed, that of all the metallic

oxides which have been tried on the so-dilled " hoods '' or

"mantles" that are placed around gas-flames in order

to increase the light, thoria is by far the finest ; and of

recent years the manufacturers of these "mantles" for the

incandescent gas-burners have created a brisk demand for

thoria.

The consequence of all this is that, at various times

during the last two or three years, a pound u-eiijlit of this

hitherto useless substance, thoria, has been freely sold at
,

forty-five to fifty pounds sterling.

The incandescent light yielded by the " mantles " of
!

thoria are enabling the street gas to rival the more
expensive electric light ; and employment in new fields is

already being found for thousands of hands, thanks to the

discovery, about seventy years ago, of a new substance,

apparently of very slight interest, and long considered to

be absolutely useless.

The minerals thorite, orangite, and pyrochlore, which
all contain a large amount of thoria, are still very rare

and expensive ; but monazite has been found of late years

in various parts of the world, and seems more plentiful,

and as it generally contains about eighteen per cent, of

thoria, it now forms the centre of a new and rising

industry.

However, this mineral, monazite, is by no means common.
It is rather heavy, weighing about five times its own bulk

of water. In several regions of the United States and
Canada, principally near Quebec and in North and South
Carolina, it is met with in the sand and gravel which
form the bed of small streams, the richest deposits

being usually found near the head waters, among
the detritus of gneiss rock and schists, where it is

associated with several other minerals. In such

localities it is either seen in pure crystals—ranging

in colour from yellow to brown and yellowish

green—sometimes as large as a grain of wheat
or even larger, or as " monazite sand," in which
minute crystals of the mineral are difi'used or

mixed with much ordinary sand and other worth-

less material. The principal district is North
Carolina, the sands of which yield from two to

four per cent, of monazite crystals. Similar

sands are now being shipped from the coast of

Brazil, which yield from one and a quarter to

seven and a half per cent, of monazite. Some
monazite sand also comes from Quebec. On the southern

coast of Bahia it is found on a sandy beach of enormous
extent, and is now being shovelled up from this beach

into small vessels of some four hundred to five hundred

tons and of light draught, and shipped to England or

Hamburg. Norway is also supplying a certain quantity

of the minerals thorite and orangite, whicli are very rich

in thoria. About one ton weight per annum of these

thorium minerals, representing seven thousand pounds

worth of thoria, is the present output from the South of

Norway.
Soon after the introduction of (he new incandescent

gas burners the demand for minerals containing thoria

inerer.sed to a considerable extent. Tlie first oftered were

the Norwegian thorite and orangite ores, which contained

from forty to sixty-two per cent, of the rare oxide. At first

the price paid for pure oxide of thorium was as higo as

fifty-three pounds for one pound weight avoirdupois ; but it

has since oscillated very much, and has sometimes been as

low as seven pounds per pound, according as the output is

more or less plentiful.

We have, perhaps, said enough to show that a new and

highly interesting branch of industry has arisen in a most

unexpected manner, from a chemical discovery which, at

the time it was made, and ever since, has been generally

regarded as one of the most useless and least promising,

from a commercial point of view, in the whole annals

of scientific research.

SERTULARIAN POLYPIDOMS; OR "HORNY
CORALLINES."

By P. L. Addison, F.G.S., Assoc.M. Inst.C.E.

THE heaps of tangle which lie at high-water mark

along our coasts contain a variety of objects it

would be almost impossible to catalogue, but

which, with certain exceptions—such as cabbage

stalks, old boots, and the like—are all of more or

less interest to the naturalist. Tlie principal mass of the

tangle consists of a great variety of seaweeds, ranging from

the thick stems of the common bladder-wrack to the most

delicate fronds of the Uriijiihsia and Chulophora. Clusters

of egg-cases of the whelk, like balls of sea foam that have

been petrified, egg-cases of the skate, defunct starfish,

sea-urchins, and small crabs are among the first objects

which arrest attention. All these have an attraction

of their own, but it is to the remains of a much less

conspicuous class of marine animals that we now wish to

draw the reader's attention. These are the polypidoms

or polyparies of the zoophyte family Sertulariida : small,

graceful, branching, tree-like objects, which are usuaUy

FlO. 1 — Sertularia gracilis.

found in the tangle in great variety after a storm. They

are often mistaken for seaweed by the casual observer,

and were formerly considered to belong to the vegetable

world. They are frequently called "corallines," or "horny

corallines "
; but the popular names must not allow them

to be in any way associated with the common coralline

(Coraltina oilicin'ilis), which is a true but very remarkable

form of marine alga.

With the help of a small pocket magnifier it may easily

be seen that along each side of the stem and branches of

the polypidom are arranged minute cup-like projections,

placed alternately, or opposite to each other, according to

the species of Sertularia to which they belong. In the

allied Plumularia the cups are on one side of the stem

and branches only.

Sertulariau zoophytes are very similar in bodily sti uc-
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ture to hydra, or fresh-water polypes ; but ilifTor in their

mode of life, inasmuch as tliey live in colonies, constrnctiug

and inhabitiiif^' the horny polypidoms already mentioned,

'i'he active part of the body of the animals is con-

tained in the polype cells, and is provided with a

mouth surrounded by line contractile tentacles.

These are extended in the sea-water, and wave
about in search of tiny particles of food, which arc

conveyed to the mouth, and passiup; direct into

the body are there digested and assimilated.

The lower part of the body of each polype

is prolonged through the base of the cup into

the tube or ccinosarc running through the stem
and branches of the polypidom, and is thus

united with the common body, to which each
polype contributes a share of nourishment
through the assimilation of food in its own
body. Under such conditions it would be quite

possible for many members of the sertularian

colony to live for a certain length of time

through the exertions of their brother polypes without

troubling to collect food for themselves.

and that the weight of these naturally dried fragments
is -0001 of a gram, or about one five-hundredth part

of a grain. The tree-like polypidom from which

_i_
3 4'|oo'';'lNCH

Fio. 3.

—

Serlularia (ihietina.

Fig. 2.

—

Serfularla art/entea.

The system of growth and reproduction in the sertu-
|

larian colony is as follows : new polype

buds arise from the cccnosarc of the stem and
branches of the polypidom and enlarge its

horny substance into beads or globules. As
the buds develop, their horny cases open and
form cups, each one of which contains a fully

developed polype.

Sertularia, though differing in certain

points, are generally considered to be the

modern representatives of, and closely allied

to, the graptolites, so common and found in

such variety in the lower and upper Silurian

formations.

Figs. 1, 2, 3, and A are reproductions of

microscopic drawings of characteristic sertu-

larian polypidoms, showing the different form

and arrangement of the cells which formerly

contained the living animals ; and, in order that

the dimensions of these structures may be

easily determined, we have added a scale of one

one-hundredth of an inch to each drawing.

But this is not enough to convey any idea

of the delicate structure of the polypidoms

or of the vast number of polypes that formed the colony.

With the hope of making this more clear, we have taken

some of the branches of S'-rtulaiia anjentiui (Fig. 2), and
find that they contain one hundi'ed and seventy-eight cells,

these were taken is nineteen centimetres (about seven

and a half inches) in length, and its weight is -123

of a gram.
We are therefore confi'onted with the fact that

the whole colony— and this specimen is by no
means a large one, weighing when dry less

than two grains—must have consisted of nearly

fifty-five thousand individual polypes.

In preserving these objects for future refer-

ence it is enough to mount them dry in shallow

cells formed by thin vulcanite or zinc rings.

They should first be thoroughly washed in warm
water and then allowed to become perfectly dry.

The cell and cover-glass should be heated over

a spirit lamp, so as to destroy mould spores

without injuring the specimen, before it is

hermetically sealed. Balsam and balsam and
benzole mounting often tend to over-clarify these

objects when examined under transmitted light

;

and air bubbles which form in the ca?nosarc

and polype cells—even when great care is

exercised to avoid their occurrence—give a false impres-

.^•
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Fig. 4.

—

SerfNlan'u ^i»aAter.

sion of the structure of the polypidom. It is true that

these difficulties may be overcome by the use of an air

pump ; and if it is desired to examine the objects under

polarized light, it is necessary that a much more elaborate
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system of mouuting should be resorted to than that we
have suggested as being sufficient for ordinary observation

and recognition of species.

What power of instinctive inclination endows these

simple and minute animals, and induces each species to

constantly adhere to a particular design in the formation

of its abode—why each member of a colony seems to be

thoroughly educated in the work it has to perform while

helping to build a branch of the polypidom so that it may
exactly coincide with all the others—is one of the deeply

hidden mysteries connected with the lower forms of

animal life.

s

THE FACE OF THE SKY FOR JUNE.

By Herbert Sadler, F.E.A.S.

UNSPOTS and faculse are rapidly diminishing in

size and number.
Mercury is an evening star during the first

week of the month. On the 1st he sets at 9h. 2m.
P.M., or 57m. after the Sun, with a northern

declination of 22° 3i', and an apparent diameter of 11^",

about y^otins of the disc being illuminated. On the 4th he

sets at 8h. 41m. p m., or 34m. after the Sun, with a northern

declination of 21'^ 39', and an apparent diameter of ilj",

Y^jj ths of the disc being illuminated. He is in inferior con-

junction with the Sun on the 10th, and after that becomes
a morning star. Ou the 26th he rises at 3h. p.m.,

or about tbree-quarters of an hour before the Sun, with a

northern declination of 18° 44', and an apparent diameter
of 9j", about Yo'-i's of 'lis <^isc being illuminated. On the

30th he rises at 2h. 47m. a.m., or about Ih. before the

Sun, with a northern declination of 19° 30', and an
apparent diameter of 8^", i^'o^^'s of the disc being illumi-

nated. During the first week in June he pursues a short

retrograde path in the eastern border of Taurus, and during

the last week a short direct path in the same quarter.

Venus is invisible, and Mars, for the observer's purposes,

is in the same condition.

Jupiter is an evening star, but is so near the Sun that

we only continue his ephemeris during the first three

weeks of the month. On the 1st he sets at llh. 41m. p.m.,

with a northern declination of 19° 34', and an apparent

equatorial diameter of 34 j". On the 8th lie sets atllh. IGm.
P.M., with a northern declination of 19° IG', and an
apparent equatorial diameter of 33j". On the 18th he
sets at lOh. 41m. p.m., with a northern declination of

18° 47', and an apparent equatorial diameter of 33''.

While visible he describes a short direct path in Cancer,

being about j° north of S Cancri on the 10th. The
following phenomena of the satellites occur while the planet

is more than 8° above and the Sun 8° below the horizon:

—

On the 2nd a transit ingress of the first satellite at 9h. 27m.
P.M., an occultation disappearance of the second satellite

at 9h. 31m. p.m., and a transit ingress of the third satellite

at 9h. 57m. p.m. On the 4th an eclipse disappearance of

the first satellite at lOh. 3m. 5s. p.m. Jupiter will bo

occulted by the Moon on the evening of the 14th. The
disappearance will occur at 9h. 52m. p.m., at an angle from
the north point of 113 ' (reckoning from N.E. to S.W.), and
reappear at lOh. 43m. p.m., at an angle of 293 . The
four bright satellites will also be occulted.

Saturn is an evening star. He rises on the 1st at

5h. IGm. p.m., with a southern declination of 13' ;!S', and
an apparent equatorial diameter of 17! ' (the major axis of

the ring system being 43 ' in diameter, and the minor 15 ).

On the 10th he rises at 4h. 34m. p.m., with a southern
declination of 13° 3U', and an apparent equatorial diameter

of 17^". On the 17th he rises at 4h. 4m. p.m., with a

southern declination of 13 26', and an apparent equatorial

diameter of 17" (the major axis of the ring system being

42t" in diameter, and the minor 14| '). On the 30th he

sets at Ih. 4m. a.m., with a southern declination of 13i',

and an apparent diameter of IGf. During the month he

pursues a retrograde path in Libra, being less than ^ south

of /x LibriB (5^ magnitude) on the 30th. a. Librse is an
exceedingly beautiful double star (5i, 6^ magnitudes), the

components being li ' apart.

Uranus is an evening star, but owing to Ha great southern

declination is not well situated for observation. On the

1st he rises at Gh. 5m. p.m., with a southern declination of

17° 56', and an apparent diameter of 3-8". On the 30th
he rises at 4h. 6m. p.m., with a southern declination of

17° 41'. During the month he describes a very short

retrograde path in Libra, without approaching any naked-

eye star.

There are no well-marked showers of shooting stars in

June.

The Moon enters her last quarter at 8h. 2m. a.m. on
the 3rd ; is new at 8h. 43m. a.m. on the 11th ; enters her

first quarter at llh. 41m. a.m. on the 18th ; and is full at

Gh. 53m. A.M. on the 25th. She is in apogee at 8h. a.m.

on the 5th (distance from the Earth, 251,430 miles), and
in perigee at 4h. p.m. on the 20th (distance from the

Earth, 229,000 miles).

CEIjrss Column.
By C. D. LocooK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 10th of each month.

Solutions of May Problems.

(A. C. Challenger.)

No. 1.

1. Kt to K4, and mates next move.

No. 2.

Key-move.—1. Kt to Kt4.

If 1. ... K to K6, 2. Kt to B-2ch, etc.

1. . . . PxP, 2. KtxPch, etc.

1. . . . Kt to Q7, 2. Q to Q5ch, etc.

1. . . . Kt (or P) to K6, 2. Q to K5ch, etc.

1. . . . K to B4, etc. 2. Kt to B2, etc.

Correct Solutions of both problems received from II. S.

Brandreth, H. S. Quilter, G. A. F. (Brentwood 1, Alpha,

and W. Willby. Of No. 1 only, from A. E. Whitehouse,

J. W. Bilbrough, J. MRobert, and A. S. Coulter.

Solutions received too late for acknowledgment from

J. M'Robert (two-mover in March Number), and O. A. F.

(Brentwood), (April problem).

,/. II'. liilhrowih.—Have you considered the defences

—

1. ... PxP, and 1. . . . PtoKG-.'

A. O. lu'lloici.—Many thanks.

O. G. Bnnlei/.—K 1. Kt to Kt4, B to BG is the defence.

JL H. Q.—" Meminisse juvat."

II'. WiUhtj.—We quite agree with your criticism.

A. Ih(iiii>us {LotKililionniijIi).—Please send full address.

The names of some correspondents who wrote in reply to

your challenge were forwarded to you, and returned through

the dead-letter ollice.

ir. ./. .i.v/i«/o»«.^Many thanks
;

just too late for this

month.
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PROBLEM.

By A. G. Fellows.

ni.ACl! (S).

White (7).

White mates in two moves.

Tbis problem obtained the first prize in the tournameut
of the liish Times. Mr. Fellows informs us that it is his
ninth success.

CHESS INTELLIGENCE.

The tournament of the Vienna Club, after a protracted
contest, resulted finally as follows: 1. Max Weiss ; 2. C.
Schlechter; 3. B. Englisch; 1. G.Marco. Herr Schlechter
lost only one game out of more than twenty, but he drew
quite half his games. The Standurd states that a quad-
rangular tournament for the championship of Vienna has
been arranged between the four prize-winners mentioned
above.

The Whitsuntide meeting at the Craigside Hydropathic,
Llandudno, begins on May 27. The competitions are the
samp as at the last meeting. Mr. E. 0. Jones is the
present holder of the Challenge Cup.

Surrey have this year come out at the head of the South-
Eastern section of the Counties Chess Union. This is

naturally the strongest of the four sections, and the
winners should have no difficulty iu securing the Cup.

In the tournament in progress at Simpson's Divan the
leading scores are : R. Teichmann, won 5, lost 1 ; L. Van
Vliet, won 3, lost 1 ; E. Loman, won 5^, lost 2.} ; H. Lee,
won i)},, lost 1,^. There are eight other competitors,
including Mr. Bird.

A Masters' Chess Association has recently been formed
;

its object, apparently, is the playing of matches with the
leading clubs and with foreign teams. Mr. Lasker is

president, pro tern., and Mr. Tinsley, secretary.

The match between J. W. Showalter and E. Kemeny
resulted in a victory for the former player by seven games
to four, with four games drawn. Mr. Kemeny is a
Hungarian resident in the States.

The final score in the Steinitz-Schiffers match was :

Steinitz, 6 ; Schififers, 4 ; drawn, 2. The last game was
drawn by mutual consent, as it could not affect the result.

M. Schiffers has considerably increased his reputation by
the excellent stand made against his formidable opponent.

The Championship of Scotland has, as usual, fallen to

Mr. 1). Y. Mills, who won all his five games. The veteran
G. B. Eraser was a good second, and Mr. W. N. Walker
third. Should ]\Ir. Mills win again next year, the Chal-
lenge Cup will become his property.

The
Ekill.

August

game below is a good example of Mr. Teichmann's
It was played in the Hastings tournament last

1.

2.

3,

4.

5.

G.

7.

H.

!).

10.

11.

12.

13.

14.

15.

l(i.

17.

18.

19.

20.

21.

22.

23.

24.

25.

2G.

" Queen's Gamb
WllITB.

(A. liiini.)

r to Q4
P to QB4
Kt to QB3
Kt to B3
P to K3
B toQ3
P to B5
P to t^Kt 4

PxP
Kt X Kt
B to Kt2
B to K2
Q to B2
Castles

QR to Qsq
Kt to Ktsq
Kt to Q2
B toQ4
BtoQ3
K to Esq
Kt to B3
PxKt
E to KKtsq
Q to K2
B to B2
BxB

Black mates in

it Declined."

(K.

].

2.

3.

4.

H.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Black.
Ti'icimianii.)

P to Q

I

P to K3
Kt to KB3
P to B3

5. B to Q3
0. QKt to Q2
7. B to P.2

P to K4
KtxKP
BxKt
Q to K2
Castles

B to Q2
(^R to Ksq
B to Ktsq
Kt to K5
P to B4
Kt to Kt4
P to B5
QtoB2
Kt X Kt
Q to E4
E to B2
B to K4
R to B3

four moves.
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THE SUBMERGED FORESTS OF THE WIRRAL,
IN CHESHIRE.

By Henry 0. Forbes, LL.D., FE.G.S.

Director of Mu-ti'ums to the Corporation of Liverpool.

THE pedestrian proceeding along the Cheshire shore
from the mouth of the Mersey to that of the Dee,
will, when about half-way along, find his progress
interrupted by the walls of the ancient castle of

Leasowe, tlie residence till quite recently of the
Cust family. It is an interesting structure and worthy of

a visit, if for nothing else than the fine view over the
Wirral—as the interesting country between the two rivers

is termed—to be had from its tower. It is said to have
been built by a Lord D-rby in the reign of Elizabeth as a
residence during his visits to the races annually held at

Leasowe, when it was known as "Meek Beggars' Hall."

Before it was dismantled of its contents a few months ago
one of its chambers was panelled and roofed with fittings

of the famous Star Chamber in Westminster Palace,

purchased and brought here on its demolition. This
interesting interior has, we believe, been transported back
to London to the family's town residence.

On the walls of the staircase there hung, till the same
recent period, equally interesting and much more ancient
objects of interest. These were the almost perfect skull

of the great primigrnial ox [Box primiiieniiis), some fine

antlers of the red deer {Cernis c/c/'/ik.'.), and bones of the

short-horned ox (Bos longifrons). They were all dyed
black from their long repose in the vegetable mould of the

forest in which they roamed, over part of which the castle

now stands. And who may dare to say that these same
kine may not have sheltered under the very oak trees out

of whose disentombed boles the black furniture of the

library and seats in the hall were made ?

All along the sea^vard front of the castle a strong

shelving embankment of masonry, against which the sea

washes at high tides, protects the site on which the castle

stands from the action of the waves. On the top of

this embankment oar itinerant palteontologist may rest

with pleasure on a fine day, and, while surveying the

mercantile fleets that are ceaselessly passing in and out

of the estuary of the Mersey, watch the thousand islands

of sand and mud as they rise above the water with the

receding tide, the results of erosion and redistribution

which are modifying the coast-line.

Fifty years ago the sea was half a mile distant from the

castle front, and no embankment was required, for a broad
rampirt of sand hills protected it. Since then the hori-

zontal action of the sea has encroached far on the land, and
to the eastward of the castle has removed long lines of this

blown sand, and, but for its masonry embankment, that

edifice must long ago also have been washed away. The
observant traveller, sitting at very low tides on its south-

west end and looking westwards along the coast, would see

extended between the water's edge and the sandhills

behind, a rough dark expanse of shore, stretching towards
Hoylake village, which must arrest his attention and
induce him to visit it. From the embankment he would
walk along to Dove Point upon the sandhills, and descend

from them upon a bed of sandy pent, protruding from be-

neath its ii'olian covering, whose edge, denudated by the sea,

is about two feet in thickness. On the surface of this bed he

may, if he be alert and fortunate, collect Lymnaas and other

fresh-water shells, bones of deer, horse, and other recent

animals, as well as articles of Norman, Saxon, and Roman
manufacture, besides the flotsam and jetsam of the innu-

merable wrecks that since Roman times have been con-

tinually washed upon it. This soil-bed is evidently, he

w uld perceive, the last surface of the land before it was
covered by sand. His next descent would lead him upon
a bed of pent underlying the soil-bed ; and a foot lower he
would find himself traversing a ilay bed, through which,

where it has been denuded, another peaty suifaee comes in

view, with protruding stools, two to three feet in height, of

thiek forest trees—alder, willow, birch, elm, fir, and oak

—

whose roots still spread down into the soil in which they grew,

their stems lying prostrate in all directions. There is no mis-

taking this for anything but a forest in ruins. Its denuded
edge measures about three feet in height, and Fig. 1, from
a photograph taken— as are all the others which illustrate

this paper—by !Mr. Charles A. Dcfieus, of Liverpool, affords

an excellent idea of its appearance. Another downward
step brings the investigator on a second layer of blue clay

some thirty inches in depth, overlying the peaty (^ //;/,< of a
/<)"('.•• forest, whose fallen stems recline by the side of their

own still undisturbed stumps, whence the roots can be

traced stretching down, as when they lived, unto yet a

lower stratum of clay, in some places of red sand covering

the clay, full of pebbles and boulders inscribed with strire

that tell their own story. This lower forest bed has,

within the past thirty years, sulVered much by marine
denudation, and has quite vani.^^hod from many places

where it used to be distinctly visible. In Fig. 1 its site

would occupy the light triangular area in the centre of the

riglit-hand sicio of the illustration.

Beneath the boulder clay are encountered no rocks
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newer than the red marl of the Triassic, formed at the

bcginuinK of the Moso/.oic Age. " After the deposition of

the red marls," says Mr. G. Morton in his excellent

geology of the country round Liverpool—to which the

in the entrance of the estuary of the Bee, and only a few
miles from Dove Point), and the peculiar current-bedded
strata of which those rocks are composed.
Upon this undulating country, which presented much

»«W'4t>

Fig. 1.—The Submerged Upper Forest Bed, near Dove Point, Chesliire, showing Stratification and Result of

Wind-Erosion on (Sandhills. From a photograph kindly supplied liy Mr. Charles A. Defieux.

reader is referred for fuller information—" at the termina-

tion of the Triassic, there is a great blank in the geological

history of the country round Liverpool. Whatever
formations may have been deposited afterwards, no record

of them now remains, for denuding agencies were in

the same surface contours as now—except that the hills

were somewhat higher—there came to be laid down by the

ice-foot in the fulness of time, all over the district, a thick

blanket of clay studded with blocks, borne from the South
of Scotland and the North of England on the submergence

Fig. 2.—The Current-Bedded Strata of the Lower Pebble Beds, Middle Hilbre Island.

kindly supplied by Mr. Charles A. Pefieux.

From a photograph

action, and not only swept them away," but ground down
much also of the Trias, Permian, and Carboniferous
strata. Fig. 2 exhibits a view of the denuded surface of the
Triassic lower pebble beds in Middle Hilbre Island (lying

of the Wirral, to at least some hundred and fifty feet, during

the latter part of the Glacial Epoch. Upon the re-elevation

of the land at the close of that dreary period there grew

up, by-and-by, the extensive forest whose remains form the
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lower bed described above. Under its trees there harboured
the wild boar, the wolf, the red deer, the uriis, the short-

horned ox, and perhaps the Arctic bear and the Irish elk.

After tlourishinrj for ages this forest, becoming water-logged

through subsidence, was engulphed by an upgrowth of peat,

and slowly perished as if by a malignant cancer. This peat

bed being in turn buried over by sea-silt and laminated
clay containing numerous marine shells, formed for a

time, after its elevation, a hospitable surface for the seeds of

various trees, and was in due time once more hveried with
alder and elm, fir and oak trees, larger in size and more
densely set together than in the lower forest, but sheltering

a much diminished fauna. " There seems," says Morton,
" to have been a successive growth of forest trees, until

the drainage became intercepted and peat accumulated and
formed the upper portion of the bed. It seems that the
trees had gradually fallen, and that the most recent broke
off near the ground in consequence of rotting in the wet
peat surrounding them."

Borings, excavations for docks, and the sinking of weUs

covered over—as at Dove Point, where our illustration.

Fig. 2, is taken—by beds of blue and yellow marine silt as

the shore continued to slowly subside. I'pon this silt

another band of peat accumulated through the stoppage

of the natural drainage by subsidence, and over it again

was laid down the remarkable peaty soil-lieil above

described.'^ Imbedded in the latter are the shells of fresh-

water molluscs which formerly lived in its surface-pools,

the remains of mammals—sheep, dog, and horse—not

found in the older forests, and the Saxon and Boman
antiquities already referred to. Most of these antiquities

belong to the thirteenth century, and there are some who
hold the opinion, according to Mr. Morton, " that some

great flood or disaster occurred at the close of the fourteenth

century, for very few articles have been found belonging

to the period immediately succeeding it." It is remarkable

that at the end of the thirteenth century there did take

place a great invasion of the sea, which destroyed the

Abbey of Stanlow, situated between Ellesmere Port and

Ince. " I am fully convinced," says Mr. Mellard Keade,

Fig. 3.—The .liolian Bedding of the Sandliills near Dove Point.

Mr. Charles A. Defieux.

From a photograph kindly supplied bv

in many parts of the district on both sides of the river

have revealed the existence below the present surface of

the ground of one or both of these buried forests. Beneath
what was earlier in the century known as Wallasey Pool

(now the great Birkenhead dock) the more ancient forest

lies buried, and from it fine heads of the urus {Bos primi-

iiniiun} and l!os lonijifnins (besides fragmentary human
remains) have been recovered, probably from the very spots

on which they died. Along the estuary of the Dee the lower

peat and forest bed has been seen lying on the boulder

clay. Along the northern coast from the mouth of the

Alt River, near Formby, where remains of the urus and
the Arctic bear have been found, and along the same side

of the Jlersey estuary, the yoimger forest bed has been

identified. The extensive excavations for the Manchester
Ship Canal traversed the same ancient forest. So that from
the Alt to the Dee, and from an unknown distance sea-

ward, then extending inland up the valleys of these rivers
'• as far as the Ince and Helsby marshes and the mouth of

the River Weaver," the country was clothed with trees,

which, after flourishing for ages, were gradually and slowly

" that all the changes that have taken place since the

Roman occupation have arisen from the hurhoiilnl en-

croachment of the sea and the erosion of the post-glacial

land surfaces.
'

' Since then there has been neither elevation

nor subsidence.

Topmost of all rests the blown sand, which in some
places, especially to the north of the Mersey, forms dunes
forty to one himdred feet in height and three miles in

width along the shores of Lancashire and Cheshire.

Fig. 3 gives a nearer view of a portion of one of these

accumulations lying behind the forest bed seen in Fig. 1,

to show its reolian stratification.

The lower peat and forest beds rest very often directly

upon the boulder clay, or upon a liri/t saml re-formed out

of it ; and they date, therefore, from after the Ice Age.

The fauna of that time appears to have been richer in

• For an account of the formation of peat mosses the reader is

referred to a very interesting series of articles by Sir EdwiirU Fry, on

"British Mosses," in Ksowlbdok, December 1st, IS'.tl, and subse-

quent numbers.
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numbers aud more important in species wlicn compared
with that wliicb iuliabitcd the Wiiral when tbo trees of

the upper forest bed were llouriehing, or roamed over it

in later days to

atov^n .v.,,,./
tlie present time.

It was, however,

vastly poorer in

species, and these

altogether mean-
er, when con-

sidered beside the

grand Ungulates

and imposing I'ar-

nivora thatanima-

ted the district in

pre-glacial times,

and whose bones

have been pre-

served in the caves

of North Wales.
Mr. Morton, who
gives a list of the

species whose
bones have been

found in caves

sealed up beneath

undisturbed beds

of boulder clay,

enumerates the

cave lion, the

spotted by ffina, the

Arctic bear, the

badger, the wild

cat, the Irish elk,

the reindeer, the

wild boar, the

woolly rhinoceros,

the mammoth, the elephant, and the hippopotamus. On
the threshold of one of these caves, and beneath the boulder
clay, a tlint flake found purposely fashioned proves that man
shared the country, and, no doubt, contested possession of

these rock shelters with some of the remarkable fauna which
Britain could then boast of, and which has vanished for ever
through, among other influences, the increase of population
and the revolutionary march of the ploughshare.

<li!l.' iittlVfJ,

finiiljicJ-Cla,

FiQ. 4.-

'i

-Section of the Strata over and undor
tlie Forejt Beds.

ALUMINIUM: ITS HISTORY, MANUFACTURE,
AND FUTURE.-II.

By Samuel Rideal, D.Sc.Lond., F.I.C.

AT
the present time it may be said that all the
aluminium brought into the market is the pro-
duct of three lactories, viz , the Pittsburgh
Reduction Company of Pittsburgh and Niagara,
the Aluminium Industrie Actien Gesellschafc of

Xeuhaustn on the Rhine, and the Socirte Electrometal-
lurgique Fiancaise of Froges in France. The aluminium
company which has been at work in England for some
years past has found that the chemical process used by
them and devised by Mr. Castner cannot compete success-
fully with the newer companies, all of which manufacture
aluminium by electrolytic processes. Quite recently a now
company, under the name of the British Aluminium Com-
pany, has been formed in this country with the object of
manufacturing the metal by an electrolytic process, and
considerable progress has already been made by them.

These various electrolytic processes differ only very
slightly, and depend for their success chiefly on the

economic production of electrical enerpy. In America the
Falls of Niagara, in Switzerland the Schafhausen Rhine
Fall, are utilised, whilst the British Aluminium Company
have acquired the water rights of the Falls of Foyers in

Scotland. Although the cheap production of electrical

energy has thus hastened the development of these large

industrial undertakings, it must not be for^'otten that

about the year 1887 Chas. M. Hall, in America, by his

discovery that alumina would dissolve in a molten bath
of cryolite and fluorspar, rendered its utilisation in this

particular industry feasible. He found that from such a

bath a sufliciently strong current of electricity caused all

the impurities to separate, and pure aluminium from the

dissolved alumina was liberated at the negative electrode.

The melted fluorides remain undccomposed if due pre-

cautions are observed, so that it becomes possible by
feeding the bath with alumina to obtain a continuous

separation of aluminium. The electrolysis of the alu-

mina is brought about when the electromotive force is

equivalent to 2-1 volts, whilst upwards of four volts are

I'equired for the decomposition of the fluorides. The
composition of the flux is so adjusted by the third patent

of Ilall that it has, when molten, a specific gravity which
is slightly lower than that of the metal, so that the latter,

as soon as it is liberated, falls through the molten mass to

the bottom of the electrolytic cell, and is thus prevented
from being in contact with the air and so being altered

by oxidation.

The Hall process is the one adopted by the Pittsburgh

Reduction Company. In order to obtain the pure alumina
for the electrolytic bath, native bcauxite has to undergo a

preliminary treatment. This consists in igniting it gently

with soda ash, and in this way producing sodium aluminate,

which is next treated with sufficient hot water to just

dissolve it. Oxides of iron, silica, and other impurities

remain undissolved, and the clear decanted solution of the

aluminate is then decomposed by carbonic acid gas, obtained

by the combustion of coke. The precipitated hydrated

alumina is thus obtained pure, and on drying is ready for

the bath, whilst the carbonate of soda simultaneously

formed is available for a fresh portion of beauxite. The
vessels in which the electrolysis is effected consist of iron

pots lined with powdered carbon, and are connected with

the negative terminal from the dynamo. To the bath of

molten fluorides about one- third of their weight of alumina is

added. The positive electrodes consist of blocks of compact
carbon dipping into the molten mass, and, as already men-
tioned, the current use.l is of comparatively low voltage, so

as to prevent the decomposition of the fluorides. Each
machine produces at Niagara a direct current of two
thousand five hundred amperes at one hundred and fifteen

volts, and is obtained by transformers from a two thousand
five hundred volt alternating current. The amount of

energy required to produce one pound of aluminium is

about five horse-power hours. The aluminium is liberated

in globules which sink to the bottom of each of the iron

pots, and there collect into a large molten " button." The
first portions, being impure, are removed; the remainder is

drawn ofl' at intervals by a syphon, without interruption of

the current. Alumina is added from time to time as the

decomposition proceeds, so that the process is practically

a continuous one. Chloride of calcium is occasionally

added to render the bath more mobile and to prevent

clogging. During the process the positive carbon electrode

is oxidized to carbonic oxide, and has to be renewed from
time to time. Theoretically, thirty-six parts by weight of

carbon are required to produce fifty-four parts of metallic

aluminium—thus :

—

Al, O3 + 3 C = Al.^ + 3 C ;
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but, practically, one pound of carbon is consumed per

pound of aluminium formed, and this quantity is obtained

per hour from each pot. The pots themselves and their

linings last for months of continuous work. Unlike many
industrial processes, there are no bye-products or slag, and

there is no volatilization of the metal. The Pittsburgh

works are only about half a mile from the Niagara Falls,

so that the cun-ent is obtained directly from the mains of the

Niagara Falls Power Company. This current is alternating,

but it is converted into a direct one and its voltage is

lowered by transformers at the works. The aluminium

produced in America is of high comparative purity, the

average percentage of the metal being ninety-nine and

upwards. The chief impurities are siUcon and iron, and its

commercial value is now about thirty-iive cents per pound.

In Switzerland and France the process adopted is that

which was patented by P. L. V. Hcroult. As to the

priority of these patents, it is interesting to note that the

cryolite process was first proposed by Henderson, an

Englishman, in 1886, but he never put his process into

practice. The Heroult process, as will be seen from the

following description, is based on exactly the same prin-

ciple as that involved in the patents taken out by Hall,

although both these inventors worked independently of

one another, and about the same time applied for the

American patents ; but on investigation it was found that

Hall had produced the first aluminium on February 23rd,

188C>, whereas Heroult named only the date of his French

patent of April i'dvi, 1 880.

Huroulfs first French patent deals with the production

of pure aluminium. He places a mixture of alumina and

cryolite in a carbon crucible surrounded by a larger one,

the space between the two being filled with graphite. The
positive electrode consists of a thick carbon rod which

dips into the molten mass. A current of three volts is

used by this inventor, but in other respects the process is

similar to that of Hall.

By slight alterations in the working of the process it

can be made available for the production of aluminium

alloys. This consists in using a negative electrode of the

metal—say copper—with which it is wished to form an

alloy, when, as the current passes, the aluminium alloy is

regularly formed, and collects as a melted button at the

bottom of the crucible. It would seem that Heroult hardly

realized the importance of his invention towards cheapening

the production of pure aluminium, as at this time he gave

his chief attention to his alloy patent. This was acquired by

the Society Metallurgique Suisse, at Neuhausen, and proved

so satisfactory that the firm at once decided to use it for

the manufacture of aluminium bronze on a very large scale.

The usual bronze contains forty-two per cent, of

aluminium, and from it, by the addition of copper, alloys of

different grades are produced in ordinary smelting furnaces.

In 1888 the Societe ElectrometaUnrgique Suisse was
converted into the present Aluminium Industrie Actien

GeseUschaft, and the bronze plant was then augmented so

as to yield one thousand kilos of bronze daily. Encouraged
by the success of Hall's process in America, Heroult, in

conjunction with Kiliani, returned to his original process

for the production of the pure metal, and soon succeeded in

so improving his process that the Neuhausen company were

enabled to erect additional plant, which already turns out

five thousand five hundred pounds of commercially pure

aluminium daily, and the new process has now almost

entirely superseded the alloy process. In 1888 the Societe

Electrometallurgique Fran<,'ai3e, at Froges, acquired the

right to use the Heroult patents, and has since had a daily

output of three thousand kilos of alloy, and has produced

some fifty thousand kilos of pure nluraiuium per annum.

Tne British Aluminium Company, to which reference

has been made, has only been in existence a short time,

but has already erected plant at Larne for the treatment

of their deposits of Irish beauxite, and are engaged upon
the erection of reduction works at the Falls of Foyers and
of metallurgical workshops at Milton. It is diflScult, how-
ever, to predict the direction in which this English industry

will develop, as at present no information has been pub-
lished as to which electrolytic processes are to be employed.
The statement of the chairman of the company that " the

natural advantages of the Strath were even greater than
those of Niagara, for the fall of water to Loch Ness was
very much greater," remains to be proved.

Sufficient has been said to show that since the Paris

Exhibition of 18.3.3 the progress in this particular Industry

has been enoi-mous, but a few statistics as to the total

output may not be out of place.

According to Richards, the world's production up to

1892 was only two million five hundred and eighty-six

thousand pounds ; but in 1893 one million four hundred
and seventy-four thousand pounds were produced, and In

1891 two million two hundred and forty-four thousand
pounds. Last year the American output has been

estimated at eight hundred and fifty thousand pounds, and
it is believed that the production of the present year will

reach over two million pounds, as the Pittsburgh Reduction
Company will have ready by the 1st of June plant capable

of making ten thousand pounds per day.

This increase has been accompanied by a reduction in

the price, so that from being, as at one time, a luxury, and
used as a cradle for the Prince Imperial of France and as

a helmet for the Crown Prince of Denmark, aluminium
can now be found in most houses. Amongst the many
uses to which it is at present applied may be mentioned
the following : military equipments, as water-bottles, spurs,

sword handles, helmets, and horseshoes ; naval purposes,

torpedo-boats and yachts being made of it for lightness

;

bicycles ; vehicles, autocars, etc. (an aluminium cab is

running in Paris) ; aerial machines ; besides numerous
smaller articles of domestic use, and especially surgical

and scientific apparatus. It wiU be seen that all these

difi'erent uses indicate a great future for the metal, espe-

cially as, of the more common metals, iron, zinc, nickel,

and copper are at present the only ones which are cheaper
than aluminium.

SOME CURIOUS FACTS IN PLANT
DISTRIBUTION.-III.

By W. BoTTiXG Hemslev, F.R.S.

STILL continuing on insular floras, I would say

something about the Tristan d'Acuuha group in

the South Atlantic, in latitude 37', and longitude
12° W. ; and St. Paul and Amsterdam Islands, in

the Indian Ocean, in almost exactly the same
latitude as Tristan d'Acunha, and about 77' 30 E.

longitude, or in round numbers five thousand miles dis-

tant, with no land intervening in the same latitude.

The history of botanical discovery in these islands is so

intensely interesting that one is tempted to dwell on it

;

but I must be content to give the reader a taste only. The
Tristan d'.\cunha group consists of three islands only a

few square miles in extent, yet one of them towers to the

height of eight thousand feet. The main island has had a

small population for some years. Amsterdam Island is

larger—some six miles across—but rises only to a height

of two thousand seven hundred and sixty feet. St. Paul is

smaller, and less than eight hundred an.l fifty feet high.
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total in Amsterdam and
and lycopods and half

in the Tristan d'Acunha

Both are uninhabited. Sir George Stanton, a member of

Lord Macartney's embassy to China, was probably the first

Englishman who brought dried plants from these two
groups of islands. This was a century ago. l''or what is

known of the vegetation of the smaller islands of the
Tristan d'Acunha group we are wholly indebted to the

late Prof. Moseley, of the Clinllf)iii,r expedition.

These islands support a much more luxuriant vege-
tation than those in higher latitudes to which I have
referred ; but here, as there, it is composed of few
species, thirty-eight bemg the

St. Paul Islands, half ferns

flowering plants, and fifty-five

group, whereof twenty-nine are flowering plants and
twenty-six ferns and lycopods. The composition of

the floras of those islands is exceedingly curious, for

although the majority of the endemic species belong to

genera that may be termed cosmopolitan, the bulk of the
vegetation of these two groups of islands, five thousand
miles apart, consists of Fkijlica nitida (Rhamnaceii'), a
shrub or small tree, and a reed-grass, S/iaitina arundinacca.

The latter is closely allied to a South American species,

but hitherto it has only been found in these islands. In
stature it is very different from our British species, which,
I may add, is a widely spread seaside plant, not only in

Europe, but recurring in North America and South Africa,

the nearest land to Tristan d'Acunha. Inaccessible and
Nightingale, the smaller uninhabited islands of the Tristan
group, are almost covered with Spartinu anmdinacea,
relieved here and there by clumps of the Plnjlicd. This
reed grows five to sis feet high, and in such dense masses
as to be impenetrable, except in the tracks made by
penguins, prodigiously numerous colonies of which it

shelters. It is equally abundant and luxuriant, in some
parts, at least, of Amsterdam Island. In St. Paul it

occurs in scattered clumps only.

The genus PJu/lica is allied to the buckthorns, and is

represented in South Africa by upwards of thirty species
;

in the Island of St. Helena by one endemic species ; by one
or two in Madagascar ; and by P. nitida in Tristan d'Acunha
and Amsterdam I., which also inhabits the mountains of

Bourbon and Mauritius. It is the only woody plant in

the former islands bigger than the common crowberry, and
it forms woods m the main island of the Tristan d'Acunha
group and in Amsterdam, though it does not exist in the
fifty miles distant St. Paul. I have mentioned the crow-

berry (Eiiipetrum niijrutii) because this British shrub,

which is diffused all round the temperate and cold zones

of the northern hemisphere, is represented in the extreme
south of America, in the Falklands, and in Tristan

d'Acunha, and nowhere else in the world, by a

variety scarcely differing from the northern plant except

in having red instead of black berries. Several

other peculiarities in these remote insular floras offer

problems in the distribution of plants not easy of

solution ; but some remarks I have to make on this point

must be deferred. More than a third of the flowering

plants and ferns of the two groups of islands under con-

sideration are endemic. Of the remainder, some, especially

the ferns, are of wide range ; others are common to the

New Zealand and the South American regions, as well as

the intermediate islands whose vegetation I have already

described ; others, again, are partly common to the South
American region and the islands, partly to the New
Zealand region and the islands

—

Pelargonium australc, for

instance.

The question how these and other remote islands

became more or less clothed with vegetation is a most
interesting one, and one that has been discussed and

answered in a variety of ways. Few persons believe in a
special creation, but the existing vegetation may be the

remains of a former more extensive flora, and the islands

themselves remains of a former continent ; or it may have
been derived from other countries, conveyed by bii-ds, oceanic

currents, and other agencies, and the islands themselves

may be comparatively recent upheavals of the ocean bed.

In KNowLKiKiK for December, 1805, is an illustrated

account of the appalling and disastrous eruption which
desolated the Island of Krakatoa and neighbouring countries

in 1H83. The island was torn and rent, and what was
left of it was covered with a layer of cinders and pumice
stone from one to sixty mitres in thickness, which was,
of course, at first of such intense heat as to utterly destroy

all animal and vegetable life. A spot of such absorbing

interest has naturally attracted the attention of all who
have passed within view of it, and it was actually visited by
a botanist (Dr. Treub) three years after the great eruption.

His observations teach us how an absolutely barren island

may become covered with vegetation.

The island, as the destructive forces left it, is about
three miles across, and has an altitude of two thousand
five hundred feet. One side presents an almost perpen-

dicular wall to the sea, and the other side slopes steeply

to the shore. Its situation in the Sunda Straits is twenty
miles from Sumatra and twenty-one from Java ; and
the nearest point where there was terrestrial vegetation

is the Island of Sibesie, ten miles distant. When Dr.

Treub visited the island in 188C he found the elements of

a new flora, which he studied on the spot, afterwards

publishing the results in detail.

The beginning of this new flora is the most instructive

phase to study. Cinders and pumice stone do not suggest

fertility ; but it is astonishing what moisture and chemical

action will do, and how one class of plants prepares the

matrix for others of higher organization. On this un-

promising medium the spores of filamentous alga; (chiefly

species of the universally dispersed genus J,ij7i;ihi/ii), carried

thither by the winds, were the first to germinate, causing

in their development a certain amount of disintegration.

Individually these organisms are microscopic, but they

multiply prodigiously, and form a green, film-like, gelatinous

tissue over the surface on which they grow. The action

of these organisms on the volcanic stratum, and their own
decay, formed a medium in which the spores of ferns,

brought by the currents of air, germinated and developed

into plants. In this early stage of the new vegetation of

Krakatoa, Dr. Treub observed eleven species of ferns, and
some of them were already common. In their turn the

ferns prepared the soil for plants of a still more complex
organization, namely, flowering plants belonging to various

families. At the time of Dr. Treub's visit plants of this

class were quite rare, though fifteen species had already

established themselves. These consisted partly of seaside

plants, whose seeds were undoubtedly floated to the island

and were cast ashore by the waves, and partly of plants

whose seeds were either dropped by birds or carried thither

by winds. Eight species were found on the moimtainous
interior of the island. Those on the seashore were all

plants that have a very wide range in similar situations in

the tropics, and are among those which first take posses-

sion of coral islands. The seeds of most of them have

been proved liy actual experiment to bear immersion or
" flotation " for a long period in salt water without losing

their vitality. Last year Dr. Treub visited Europe, and
on his homeward voyage passed within view of the island,

which, as he informed the writer, was then again covered

with vegetation. This is a most instructive lesson in the

natural distribution of plants, on account of its being the
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result of actual observation. There are records of seeds

being conveyed very much longer distances by oceanic

currents and afterwards germinating ; but here we have

an instance of the complete renewal of a flora. In addition

to plants growing on the seashore, Dr. Treub collected

seeds or fruits of seven other species of flowering plants,

including those of a screw-pine and the coconut.

The preponderance of ferns in remote volcanic islands

is characteristic. In Ascension, for example, there is a

dozen species of ferns and three of lycopods, against less

than half a dozen certainly indigenous species of flowering

plants ; and the latter are comparatively rare. It should

be remembered that in all these comparisons plants intro-

duced by human agency are left out of consideration. The
aboriginal flora of St. Helena comprised, so far as is known
(some being now extinct), thirty-eight species of flowering

plauts and twenty-seven species of ferns and lycopods. In

the Tristan d'Acunha group the numbers are twenty-nine

and twenty-six respectively. In the small flora of Juan
Fernandez there are forty-four species of ferns. The
relatively large Bourbon Island, near Mauritius, has two
hundred species of ferns, as against eight hundred species

of flowering plants. The large proportion of ferns is easily

accounted for by the fact that there is probably no limit to

the distance fern spores are carried by the wLud, and they

are produced in such prodii^'ious quantities that they are

likely to reach the smallest and most remote islets.

I do not like to encumber an article of this description

with too many botanical names, but so many persons

know ferns that I feel justified in giving the names of

those which had established themselves in Krakatoa three

years after the great catastrophe. They are :

—

Gymno-
iiramme calomelanos, Acrostielium scandens, Blechnum orien-

talc, Acrnsticlnim aureum, Pteris lonr/i/oUd, P. aqiiilina, P.
marginata, Xe/ihrolepis exaltata, Nephrodium calcaratum,

N. jlaccidum, and Oni/cliiHiii awatum. These ferns are

nearly all of wide distribution, and nearly all in cultivation.

It will be seen, too, that the common bracken (Phris

(iqidlina), one of the most widely difi'ased ferns, is among
them.

GREEK VASES.-III.

B.—BLACK-FIGURED VASES.
By H. B. W.\LTEKs, M.A., F.S.A.

IN
resuming the history of Greek vase painting, wo
have now to trace the course of development in a

town that always played an important part in the

history of the minor arts in Greece, and, consistently

with its position as second only to Athens in com-
mercial importance, may be regarded as second only to

that city in the reputation of its fictile products. We refer

to Corinth, which, from its geographical situation, was
well suited to be one of the prmcipal centres of Greek
trade, while yet another circumstance contributed to its

success in this particular branch. The soil of the sur-

rounding country is composed of a whitish clay of peculiar

excellence, which was employed not only for home products,

but also to a great extent for exportation. Even .\thens,

favoured as it was in the possession of excellent clay in its

immediate neighbourhood, sometimes made use of that of

Corinth.

The first indication wc have in tlreek literature of a
school of art at Corinth is in the account of the chest of

Kypselos, which was set up bv the family of that tyrant

in the temple of Hera at Olympia about (iOO-oSi) b.o.

From the minute description of this wonderful work of art

given by the traveller Pausanias, we may gather that the
carvings on the sides of this chest were very similar in

style and range of subject to those on many existing Corin-
thian vases. At the same time the chest of Kypselos,
regarded in the light of the evidence from vase paintings,

must belong to a very highly developed stage of Corinthian
art, and it will now be necessary to trace the preliminary
steps which led up to it.

There is a small class of vases, mostly found at Corinth,
of which the British Museum possesses the most notable
example, all of diminutive size, but characterized by an
extraordinary delicacy of execution. These vases are
generally regarded as the earliest products of Corinthian
ceramic art, and are known as Proto-Corinthian. The
subjects which occur on them are of a comparatively simple
nature—battle scenes, hunting scenes, and figures of

animals, executed with marvellous minuteness. The
shapes and method of decoration of these vases point to

the influence of Oriental metal-work— an influence which
made itself most strongly felt in the art products of

Chalcis, in Eubrea ; it has therefore been supposed that

this group of vases belong rather to Chalcidian than
Corinthian art, as there was undoubtedly a close con-

nection between the two places. They appear to date

from the seventh century b.c.

We must now, however, turn to the large number of

vases the Corinthian origin of which is free from all doubt.

It is true that examples are found in great quantities not
only at Corinth, but in Ba?otia, Rhodes, Italy, and other
points of Greek civilization ; but even if made on the spot

where they have been found, the connection with those
from Corinth is far too close to allow of any supposition

other than that they are the work of Corinthian artists

residing in that place.

In the earlier Corinthian vases Orientalism reaches its

zenith. The surface is usually so crowded with rosettes

and similar ornaments that the ground-colour almost dis-

appears, and the general eft'ect to the eye, both in colour

and design, is that of rich Oriental embroidery. Fantastic
monsters seem to have been directly chosen for their

fitness to fill in spaces (as we see in some of the early

sculptures found on the Acropolis at Athens). The ground
is a clear yellow, varying in tone from cream to orange, on
which the figures are painted in black with a purple
pigment added for details; while a great fondness for incised

lines is also noticeable. It is necessary to call attention

to these two points, because they form a most salient

feature of the black-figured vases.

In the repertoire of subjects we see a steady development,
from the simple vegetable ornament to the elaborated scene
from mythology. The steps are as follows : ( 1 ) vegetable
ornament

; (2) single animals ; (3) animals in friezes,

or heraldically grouped; (4) single human figures; (5)
friezes or groups of human figures

; (6) scenes of hunting
or battles

; (7 1 scenes from Greek mythology, or connected
with the worship of Dionysos. Among the animals the

lion is a principal favourite, and fantastic monsters are very
popular, especially the Sphinx, Siren, and winged fish-

tailed deities. We now first find names inscribed over
the figures, and this is a matter of special importance as

regards Corinthian vases, owing to the peculiarity of the

alphabet employed, and the fact that the use of certain

letters or forms of letters enables us to date many vases
with tolerable certainty. These inscriptions range from
about ()50 to 500 ii.c.

Before the growing sense that human action is the most
appropriate subject for the vase painter, Orientalism

,

begins to give way ; the animal shapes, it is true, still

I encumber the field, but are for the most part restricted to
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friezes bonleriiif; tlio (lof^iyn, of which tlicy thereby

gradually cease to become an integral part. The face is

now generally rendered in silhouette, sometimes in outline,

and the practice grows up of distinguishing female ligures

by the application of white for llosh tints; this afterwards

became universal as long as the black-iigure period lasted.

Another feature with which we now meet almost for the

first time is that of artists' signatures ; two are known to

us on Corinthian vases, one of which is found on a speci-

men of a remarkable series of painted plaques discovered

on the Acropolis of Corinth in 187!'. Most of them bear

dedications to Poseidon, and many also have representa-

tions of this god with his consort Amphitrite. On several

specimens are I'epresentatioiis of mining, of the potter's

art, and other occupations of daily life. The inscriptions

are important as dating these plaques between G50 and
550 n.c. They wore hung up as votive tablets in a temple
of Poseidon, the guardian deity of Corinth, and had been
collected in a rubbish-heap like the Naucratis fragments
mentioned in the last article.*

The favourite shapes of Corinthian potters are, in the

earlier examples, the aryballos and alabastos, kylix, pyxis.

black, on a thick, croauiy slip, with purple and incised

details. From a technical point of view they represent the

same stage as the older Corinthian fabrics, but the drawing
shows a great advance, while the mythological repertoire

is comparatively large. They are generally attributed to

the first half of the sixth century. One of the most
remarkable specimens is in the Library at Paris, and
represents Arkesilaos II., King of Cyrene on the north
coast of Africa (580-550 ii.c), weighing out bales of the

plant silphium (asafiftida). This plant was a product of

the country, and a great source of revenue to the kings

of Cyrene; it is represented on many of the coins. Another
example in the British Museum (unfortunately, much
injured) represents a female figure holding branches of

silphium, surrounded by flying male and female figures.

It has been most ingeniously shown that this figure repre-

sents the Ilesperid nymph Cyrene, while the other figures

are the Boreades (who bring the fertilizing north wind) and
the Harpies (who guarded the Carden of the llesperides).

All this is very strong evidence for the presumption that

these vases were manufactured at Cyrene, although it is

true that none have been found there ; there is also a

Fig. 1.

—

(a) Cup (Kylix) of so-cillcd Cvrcue Fabric, representing a SacriKi'f; one-fourtli original. (A) Cup (Cotyle)

from Coriiitli; two Sii'ens confronted; one - fourth original. (c) I'Ute (Pinax) ; Warrior blowing Trumpet;
one-fourth originil.

and cotyle (Fig. 16)—viz., small oil flasks and two-handled
cups ; but in the later stages the larger shapes, such as the
amphora, crater, and hydria, come into general use ; also

the oinochoe. The later specimens are usually made
of red clay, and are, in fact, little distinguishable from
the earlier Athenian examples. It is an open ques-
tion whether the Athenian vases were influenced by
Corinthian, or the reverse; but, probably, both views
contain a measure of truth. A wider field is now opened
to the subjects, which include scenes from the Trojan
legends or the exploits of Herakles. Names from myth-
ology are frequently inscribed over the figures of banqueters,
warriors, or huntsmen, or ordinary scenes from daily life,

in order to intensify the interest or to give a sort of idealized

picture of everyday events.

We must now retrace our steps once more to discuss a
fabric of especial interest and importance, though repre-

sented by comparatively few specimens (see Fig. l'/|. These
vases are, almost without exception, of the shape kuown as
k-yli.r, or goblet, and the designs are painted, in lustrous

* Sc<? Kkowlbdge fur April.

close connection in technique with Naucratis, where,

indeed, the last-mentioned vase was found.

We must now turn our attention once more to Athens,

a city that is destined not only to supplant Corinth as the

chief centre of ceramic art, but gradually to oust all other

fabrics from favour or absorb their excellencies in its own,
and to retain this monopoly unquestioned for two centuries.

The impetus to this productiveness was given by the extra-

ordinary advance of art and culture under the beneficent

rule of the tyrant Peisistratos and his successors (5G5-

510 B.C.). The immediate result of this development was
to attract artists from all parts of Greece, and in the

Athenian sculpture and vases of this period we are able to

trace a marked influence of Peloponnesiau art.

The museum at Florence possesses one of the most
remarkable existing specimens of Greek pottery in the

shape of a large vase (of the shape known as crater) found

near Chiusi in 1814 by M. Francois, from whom it is

always known as the Francois Vase. This vase bears

the signature of two Athenian artists, to this effect

:

" Ergotimos made me, Klitias painted me"; and it is

usually attributed to the middle of the sixth century. The
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alphabet in which the mscriptions are written clearly shows
its Athenian origin, but there are several characteristics

which betray Corinthian influence.

The British iluseum and that at Berlin possess two
similar vases, but of inferior size and merit, the principal

subject on each being the birth of Athena from the head of

Zeus. This was originally a Peloponnesian legend, and it

is interesting to note that one of the figures on the Berlin

vase is inscribed, " I am Hermes of Kyllene," referring to

a mountain in Arcadia on which that god was especially

worshipped. Further, the word Kyllene is spelt with an
initial " Q," a letter which only occurs twice in Attic

inscriptions, but is common in Peloponnesian alphabets.

From this time onwards the history of Athenian vase

painting is one of continuous and rapid development. One
noteworthy result of this development is in the shapes

employed, which in the earlier periods show an extra-

ordinary variety. But the shapes in common use by
Athenian potters may be limited to perhaps a dozen or so,

and of these only five may be said to enjoy anything like

popiilarity. These are the amphora (by far the most
popular of all), the hydria (three-handled pitcher), oinochoo

(wine jug), lekythos loil flask), and kylix (goblet). Several

of these shapes pass through sixccessive phases of develop-

ment which are of great assistance in a chronological

classification. We may take the amphora and kylix as

best illustrating our purpose. The earlier examples of the

amphora are obviously Corinthian in type, and have a

thick body, more or less egg-shaped, running up without

marked division into the neck, and thick cylindrical

handles. The whole vase is covered with black varnish,

except a panel on either side in which is the design.

Another variety is chiefly represented by the Pauathenaic

amphoriB, which we shall discuss later, which have a very

short neck and converge below to a very small foot. The
later examples have a high cylindrical neck strongly set-off

from the body, which has a high flat shoulder. In these

the black varnish is only applied on the mouth, foot, and

handles (which are formed of three parallel ribs), the

whole of the vase being left red, except for the figures, and

highly glazed. The early kylix has a high stem, and the

upper part of the bowl is set at an angle to the lower,

forming a band for the designs ; in the next stage this

angle becomes more obtuse, and the band is narrowed by

a broad stripe of black varnish round the lip ; finally the

angle is replaced by a continuous outward curve, and the

foot becomes shorter and thicker.

The technique of the black-figured vases is marked by

two notable features, the first being the red clay of which

the vases were manufactured, which was found in such

abundance in the plains of Attica : its hue is due to an

oxide of iron. This red clay is admirably suited for taking

a glaze—an essential preliminary to the process of paint-

ing on such a material. The second feature is the black,

varnish-like pigment which was used, not only for filling in

the contours of the figures and for the decorative patterns,

but also for covering the mouth, foot, and handles.

Two accessory colours are employed, purple and white ;

the latter mostly for the flesh of women, for the hair of

old men, or for the long garment worn by the charioteer.

It is noticeable that at first purple is by far the more
popular of the two, being used in large masses, and even

for the flesh of men in many cases ; but in the later

black-figured vases its use is largely discountenanced, and

is at most employed for small details such as the folds or

patterns of a dress. The incised lines, again, play a very

important part in the technique of these vases. They are

made with a hard-pointed tool of bone or iron while the

clay is still moist, the outlines of all the figures being

traced first, and the designs then filled in with black
varnish. The next process was the addition of incised

lines for the inner markings and finer details, after which
the vase was sent to the furnace, and finally the purples
and whites were added and a second baking completed
the process of production.

Throughout this period a steady advance in drawing is

noticeable, although in one direction there is a somewhat
deplorable tendency to a&'ectation and mannerism, which
shows itself both in the drawing and in extravagant use of

ornament. Another feature is one which is more or less

common to all archaic art, but is especially noticeable in

these vases—viz., the tendency to give tapering extremities

to human figures, and this at times runs quite to extrava-

gance (see Fig. 2 ).

Fia. 2.—Corintho-Attic .Tiij (OlpJ), with Hunter returning from

the Chase. " Minute " stvle ; one-third original.

The treatment of drapery is interesting, and may be

regarded as a fair indication of date. The chiton, or long

garment ordinarily worn by women, is at first straight,

with rigid stripes of purple on black ; then patterns are

incised or painted in white on the black ; the waist is

generally very small, and bound tightly with a broad

girdle. By degrees the lines of the folds take an oblique

direction, as if to indicate motion ; while an upper gar-

ment, the himation, or mantle, is now introduced with

marked effect in the direction of oblique flowing lines or

angular faUiug folds.

Another important feature of black-figured vases is

the treatment of decorative patterns, which in this period

become almost stereotyped. Thus on the amphonp certain

patterns are always employed to decorate certain parts of

the vase; again, on the kylikes. in the latest develop-

ment, a large eye is always painted on either side of the

handles, this particular object being chosen, probably, as

best adapted to the space. Again, it seems to have been

almost a rule at one time to decorate the interior of a

kylix with a full-face head of the Gorgon Medusa, not

painted in black on a red ground, but left in the red clay



154 KNOWLEDGE [July 1, 1896.

while the whole of the surrounding surface is black. It

will be Been that this is practically the method of the

succeeding red-figure stylo ; and it has been supposed that

this treatment of the (lorgon head was cue circumstance

which led to the c\olution of that method.
We come now to what is, perhaps, the most important, and

certainly the most interesting, aspect of the Athenian black-

figured vases, namely, the subjects painted on them. These
may conveniently be divided into six classes, as follows :

1. Representations of myths connected with Olympian
deities, such as the birth of Athena from the head of Zeus.

2. Representations of Dionysos and his attendant Satyrs,

Mjcnads, etc.

8. The labours and exploits of Herakles.

4. Subjects taken from the Homeric poems or other

sources dealing with the tale of Troy.

5. Other mythological subjects, such as the exploits of

Perseus and Theseus.
(i. Subjects taken from daily life, such as athletic con-

tests, battle scenes, etc.

It should be noted that this classification of subjects

holds good throughout the history of vase painting—at

least with some slight modifications; but it is in the period

with which we have to deal that the subjects present the

greatest and most varied interest, owing chiefly to the

Fig. 3. -Athenian Amphora, witli Dionysos and Eyes

;

one-third original.

laterprevalent fondness for myth and legend. In the

periods the human interest tends to predominate.

In the mythological scenes the most remarkable feature

is the adoption of certain fixed compositions of figures or

types ; a scheme of design for any given subject, once

adopted, becomes conventionalized, and is adhered to with

only minor variations, which do not affect the main design.

An example of one of these types is given in Fig. 4. In

aU representations of the Judgment of Paris the same
grouping of the figures is employed, but variety is in-

troduced by omitting Paris or one of the goddesses.

Among the favourite subjects with vase painters of

this period are : the combat of the gods and giants, the

birth of Athena (.sec miii-), Pelous wrestling with Thetis,

Theseus slaying the Minotaur, Herakles conveyed by

Fig. 4. -Amphora, with Judgment of Paris,

ahoiit oni'-filth original.

Athenian Fabric

;

Athena in her chariot to Olympus, and contests in

which that hero took part, such as his encounter with the

Nemean lion, with the triple-bodied monster Geryon, or

with the Amazons.
Only one instance of a historical scene is known on the

black-figured vases—on an amphora in the Louvre, which
represents Croesus, King of Lydia, seated on his funeral

pyre and pouring a libation. The story is told by
Herodotos. We may also recall the cup described on page

152, with Arkesilaos of Cyrene weighing out the silphium.

Among the scenes from daily life an interesting subject

is seen on a number of hydris (pitchers) which indicates

the use to which this particular vase was put. A building

is depicted containing a fountain or spring, at which girls

are seen filling their hydrire, while others bring theirs up
to be filled or carry them away on their heads. On one
example in the British Museum (see Fig. '>) the famous
well of Callirrhoe at Athens is depicted ; on another possibly

that of Peirene at Corinth.

A most important class which must here be mentioned,

is formed by the Panathenaic amphora, or vases given as

prizes in the games at Athens in honour of Athena. On
one side is always depicted a figure of the goddess herself

;

on the other, the contest for which the prize was given.

Usually the vase is inscribed, " I am a prize from the

games at Athens." It is interesting to note in connection

with these vases that the black-figure method was adhered

to on them, for religious reasons, down to the end of the

fourth century n.c : that is, as long as they continued to

be made, although on other vases this method was given

up at the beginning of the fifth century.

Another class of vases which for religious reasons
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preserved the old style of painting through the fifth

century has come to light in recent years, on the site of

the temple of the Cabeiri at Thebes. The Cabeiri were

mystical deities about whom very little is known ; but it

appears that ribaldry and grotesque caricature played a

considerable part in their religion, and probably burlesque

representations of myths were performed as part of the

rites, and were further depicted on the vases dedicated in

the temple, as on most of these vases we find caricatures

of mythological scenes, such as Circe offering the magic
potion to Odysseus.

A new development of technique towards the end of the

sixth century is seen in a class of vases with white ground

instead of red—a method which is supposed to have been

In the next paper we shall see how the humble eiibrts of

the "minor artists " led by degrees to the beautiful creations

of their successors. In the present stage we find the

decoration limited to one or two small figures on either

side of the exterior, or a single figure, while many bear
nothing but the signature of the artist or some appro-

priate motto, such as " Welcome and drink deep," or
" So-and-so is fair." On the later unsigned kyhkes the

decoration becomes very rude and careless, although more
attention is paid to choice of figure-subjecta than by the
" minor artists."

The artists of the " affected " style appear to be descen-

dants of those who produced the so-caUed Peloponnesian
vases, to which we have referred in connection with the
Francois Vase. The same tendency to minuteness and
richness of detail, to tapering extremities of human figures,

and delicacy of form and outline, is here visible, in con-
junction with more advanced power of drawing and
knowledge of technique. Still, the result is quaint rather

than pleasing, iilthough it must be remembered that this

tendency to over-refinement and richness is characteristic

of the end of the archaic period in all branches of Greek
art, and the result of a tendency which is swept away by
the wave of athleticism and simple idealism which spread
over the cultured Greek world in the fifth century.

It must, however, be reserved for the next article to

treat of the causes which led to the change of artistic

methods under Nikosthenes and his contemporaries, and
the results which were brought about by that development.

FlO. 5.—Atlienian Hvclria (Pitclier), witli Girls drawing AVater

at the Fountaiu of C'alUiThoe ; about one-fifth original.

introduced by the artist Nikosthenes, a man of con-

siderable fertility of mvention, who also introduced a new
form of amphora. In several vases signed by him the

clay is covered with the creamy white slip which is

characteristic of the class of which we are speaking.

Some specimens of this group are very effective, but they

are generally of small size.

It will be necessary to add a few words on the other

Athenian artists who during this period left their signa-

tures on their productions. They fall roughly into three or

four classes : (1) the earliest group, at the head of which
stand the artists of the Francois Vase described in a previous

page, Klitias and Ergotimos
; (2) the so-called minor

artists, the chief names being Glaukytes, Tlesou, and
Xenocles

; (3) the artists of the " affected " or " minute
"

style, such as Exekias and Amasis
; (-1) the artists who

combine the black-figure and red-figure methods,
Pamphaios, Nikosthenes, and Andokidcs. This classifi-

cation is roughly chronological.

The " minor artists " in a way may be regarded as the

forerunners of the great vase paintei's of the succeeding

period, as they turned their attention almost exclusively

to the decoration of the kyUs.

COMETS OF SHORT PERIOD.
By W. E. Plummer, M.A., F.R.A.S.

WE have now to consider that large class of

interesting comets which, moving as they
undoubtedly do in elliptic paths of compara-
tively short period, have been seen once and
then disappeared as completely as if their

paths had been parabolic. Evidently this class of objects

oflers two riddles for solution. Why were they not seen
before '? And why have they never been seen since "? The
latter question does not, however, apply with the same
force to those recently discovered comets which have not
yet completed one revolution since they were first seen.

It will be desirable to put these new comets in a class by
themselves, and trust that time will prove them to be well-

regulated members of the solar system. They cannot be
said to have discredited themselves as yet, and the only
suspicious circumstance connected with some of the

members is, that they bear, in some of the elements of
their orbits, a great family likeness to others that have
had their chance of being repeatedly visible in our tele-

scopes, and have not availed themselves of their full

opportunities. We will give this list first, and make a few
comments upon the more suspicious, and for this reason,

possibly, the more interesting members of the group.
The order of arrangement is again that of increasing mean
distance from the sun.

Ordinary
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Here we have eight comets introduced into the system
in the short space of six years—on the avorap;e, more than
one annually—and yet the total number of elliptic comets
of approximately this period is only about thirty, including

those that are lost and some whose periodicity is very

uncertain, owing to defective observations made in the

last century. Evidently, if this rate of increase was only
approximately correct, the number now known should be
far greater. Some in this catalogue, it is true, have been
very faint objects, and would probably have passed un-
detected in days when telescopes were smaller or searchers

fewer in number. Still, as pointed out in my article in

the February issue, this suggestion does not altogether

explain the frequency with which elliptic comets are

now met with. Another very obvious suggestion presents

itself. Is it possible that these objects are not all

uidependent ? May not some of the older and lost

comets take upon themselves new shapes—move along
strange and unrecognized paths under the influence of

planetary perturbation, exerted upon them at some
period in their career subsequent to our observation of

them ?

In this question we have implicitly two suggestions :

the possibility of identity and the possibility of intimate
connection between comets, arising presumably from
having sprung originally from one parent stock ; for it

is necessary to bear in mind that other causes than
planetary perturbation may be operative. We have seen
Biela split itself into two sections, and the dichotomized
comet pursue a bifurcated path. It may not be pos-
sible to demonstrate the cause of this disruption with
certainty, though the behaviour of other comets, par-
ticularly the perplexing and inexplicable changes in

brilliancy which they present to us at successive returns,
and even while under observation, suggests that it was
more probably due to some mechanical agency within
itself than to any external force. In this particular case
of Biela the two separated portions kept near each other,
and came up to perihelion together within a day ; but had
the operating cause been greater, it is easy to imagine that
a longer space of time would have separated the return of
the two fragments, which, pursuing paths wider asunder,
would have been submitted to different effects of perturba-
tion, and the other elements of the orbit would have
differed proportionately. Or suppose, the disruptive force
being the same, several revolutions had been completed
without the possibihty of observing the comet ; the dis-

connected portions would have separated more and more
at each successive return, till it is quite possible only one
of the components would have been seen. In the great
comets of 1843 I., 1880 I., and 1882 II., we appear to
have an instance of more violent disruption, in which one
may suggest that some giant comet, carrying in itself greater
forces, and consequently greater opportunities for producing
catastrophe, has so violently dismembered itself that its

several portions arrive at perihelion separated by years.
The history of cometary astronomy contains so many sur-
prises that it is almost impossible to reject any hypothesis
as absolutely untenable, and it is unfortunately too easy
to throw out suggestions that it is impossible to put to the
test of experiment or efficient analysis. For instance, it

is generally accepted now, with more or less certainty, that
comet tails are due to a form of energy (electrical repulsion
is the usual form the explanation takes) acting from the
sun in a sense contrary to that of gravitation. But
recent photographs of comet tails have indicated a
shattermg and discontinuity incompatible with a force
regularly and contmuously operative ; and though this
irregular structure may be explained by actual encounter

with some asteroid, it is not impossible that the origin of

disruption was present at the birth of the tail itself.

Theonlypointtliat is heic insisted upon is this: that while
planetary perturbation, acting under laws that are perfectly

understood and can be submitted to mathematical analysis
or arithmclical calculatitm, is undoubtedly a great factor,

either in the introduction of fresh cometary matter into

the solar system or in controlling cometary matter tbat

entered the solar system with the velocity due to parabolic,

or approximately parabolic, motion, it is not necessarily

the only force that can be invoked or employed as a work-
ing hypothesis. The suggestion of hypotheses without
submitting them to adequate test is, perhaps, a confession
of ignorance and an attempt to hide it ; but the criteria

applied by astronomers and miithematicians in this par-

ticular connection rarely give a certain and unambiguous
result. The conditions of the problem are so varied, the

opportunities of escape so numerous, the labour of absolute

test so onerous, that we are too often obliged to accept a

half answer, and console ourselves with the hope that time
will light in our favour by adding fresh observations and
increasing the accuracy of the deductions. But time fre-

quently introduces a fresh and complicating factor, without
by any means removing the old perplexities.

As a good instance of the difficulties to be overcome in

answering the question of a comet's origin, we may take

the first item on the list (1891 V. Swift) and endeavour to

understand the interesting problem it offers for solution and
the means it supplies for that solution. On November 21st,

1894, Mr. E. Swift, the son of Prof. Lewis Swift, well and
honourably known in connection with cometary discovery,

picked up a faint comet at considerable southern declination.

It had passed its perihelion and was growing fainter, but was
moving northward, which slightly improved its chances of

observation, and Prof. Barnard was able to follow it with
the large refractor of the Lick Observatory till January
25th. We have, therefore, two months' intermittent

observation of a faint nebulous patch by a few observers,

no two of whom are likely to agree on the same precise

point for measurement, to say nothing of the possibility

of an alteration of shape. Yet out of these observations,

which cover so small an arc of an ellipse which requires

six years to complete its revolution, the entire curve has
to be constructed. Such procedure puts the c.r pede

Ueiviilem principle to its fullest stretch. Nevertheless,

as soon as a few observations permitted the first rough
determination of an orbit, M. Schulhof announced unhesi-

tatingly that it was the lost comet of De Vico, that had
previously been seen once, and once only, in 1844. If

this conjecture be well founded, evidently the comet has no
right to a separate place on the list, any more than any
other comet which may have been missed at one or several

returns and subsequently recovered, of which examples were
given in February. On what grounds, then, had M. Schulhof
based his assertion '.'

The observations of the comet of 1844 had been submitted
to a very critical discussion by the late Dr. Brunnow, and
though the orbit was to some small extent uncertain the

elements were fairly trustworthy, and resembled those of

the parabola that Schulhof had computed from the first

observations that had come to hand. It may be as well

to mention here that this is the course uniformly pursued
by computers. A parabolic orbit is first derived because

the labour of computing elliptic elements is far greater,

and to obtain accuracy comparable with that labour the.

elements should be based on observations extending over

a longer period than is required to give lair accuracy in

the case of parabolic motion. So complete was the

resemblance between the new parabola and the old ellipse
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that Schulhof at once, without waiting for additional

ohservations, assumed a period very nearly that which
BruDuowhad assigned for the 18 i4 coraet, and recomputed
elliptic elements which subsequent care and additional

information have not materially improved. Here is the

first link in the chain of evidence, namely, that the motion
of Swift's comet can be represented by elements whose
period is suggested by that of De Yico's comet. But fifty

years is a long time, and many alterations more or less

serious must be expected to take place in the pure elliptic

motion of a comet which runs very nearly in the plane of

the ecliptic, and must cross and recross the orbits of Mars
and Jupiter several times, with the chance of approaching
those planets more or less closely. To compute the pertur-

bations of a comet for fifty years is a task which, though
it would effectually remove the objection, is not lightly to

be undertaken ; and to enter upon such an enquiry we
want what we have not got—either very accurate know-
ledge of the elements in 1H44, or the present condition of

things in 1894. Errors accumulate with the time. Dr.

Brunnow had assigned 5-') years for the period of

De Vico ; Schulhof preferred 5-8 years for Swift. So far

as these figures go, at each return the error would be

increased by three-tenths of a year. But mathematical
analysis has been able to indicate the direction that pertur-

bations will take without the labour of actual calculation,

and it has been demonstrated by M. Callandreau that in

the case of a comet having a small inclination to the plane

of the ecliptic, and moving about the sun in the same
direction in which the planets revolve, the action of the

planets will continually tend to increase the longitude of

the perihelion and diminish that of the node. Fortu-

nately the means were at hand to settle this question.

Le Verrier had believed that the comet of 1844 was the

reappearance of one that had been seen in 1678. If this

be the case, the fact that it lay dormant, so to speak, for

so many years is typical of its more recent behaviour ; but
in investigating this question Le Verrier had carried back
the perturbations and supplied elements for various dates

in its past history. We are simply concerned in the

motion of the perihelion and the node, and for these Le
Verrier gives
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PHOTOGRAPH OF THE REGION OF THE
SPIRAL NEBULA MESSIER 33 TRIANGULI.

By Is.vAc lloiiEKTs, D.Sc, F.R.S.

THE photograph was taken with the C'ooko five-inch

lens on the 14th November, ls!)5, with exposure

of the phito (luring two hours and llftcen minutes.

The centre of the plate is about 1!.A. Hi. 2Hm.,
declination north 80' 7' ; and the area of the slcy

covered is 8-1 degrees from north to south and CI degrees

from piri-t'diiHi to fiiUitii'nvi, the nebula being at the centre.

Scale, one millimetre to one hundred and twenty-one

seconds of arc.

Sir .T. llerschel (N. G. C, No. TiOH ; (i. C, No. 352) and
Lord Rosse {( 'hue r rat ions of Nihulm mid Clustns of Stars,

p. 20) record many observations made by them of this spiral

nebula, and by the aid of their large instruments, used with

great skill and perseverance, they accomplished all that

was possible in the way of descriptive matter and delineation

to present the object in an intelligible form to astronomers.

It is no adverse reflection upon their work if they did

not succeed in the accomphshment of their object, for

such is the vast area of the nebula, the complexity of

its structure, and the faintness of parts of the nebulosity,

that the best efforts by eye and hand could not possibly

delineate it.

The photograph shows the nebula to be about sixty-two

minutes of arc in length from north foUowimj to south

precedimj, and thirty-five minutes in breadth from south

foUomng to north precedimj.

There are two large, very prominent spiral arms, with
their respective curvatures facing north and south, and the

curves are approximately symmetrical from their extremi-

ties to their point of junction at the centre of revolution,

where there is a nebulous star, of about tenth magnitude,
with dense nebulosity surrounding it—elongated in north
and south directions. Involved in this nebulosity are three

bright stars and several faint nebulous stars ; the two arms
are also crowded with well-defined stars and faint nebulous
stars with nebulosity between them, and it is to the com-
bined effect of these that the defined forms of the arms
are due. There are also subsidiary arms, less well-defined,

trending towards the centre of revolution, which are con-

stituted of interrupted streams of faint stars and nebulosity

intermingled together.

There are detached outliers of nebulosity with many
small well-defined stars as well as nebulous stars involved

in them ; also isolated nebulous stars ou the extreme
boundaries of the nebula.

The larger photograph taken with the twenty-inch
reflector simultaneously with that here annexed shows
more clearly the details referred to, but the area of the sky
delineated is limited to four square degrees.

In studying these photographs the question is very
naturally presented to us, What is the cause that pro-

duced this vast stellar and nebulous whirlpool in space ?

Two answers may be suggested :— (1) An explosive dis-

ruption of a large body
; (2) collision between two bodies

moving from opposite directions. The colliding bodies

might be two stars, two nebulse, or two meteor streams
;

and if we judge by the widely scattered vortical distribution

of the star-like and nebulous matter shown on the photo-
graphs, it is very probable that the collision of two streams
of meteorites would be the cause.

Many other spiral nebulie have already been photo-
graphed, and the appearance of each of them would well

fit into the hypothesis suggested by Prof. Lockyer of the

collision of streams of meteoric matter.

Noticts of Boolis.

Rcmorkahle F.riipsrs, by W. T. Lynn (Edward Stanford,
Gd.), is apologetically presented by the author as but " a
little one." Here the apology is scarcely appropriate, for

many readers would gladly see a larger work, tracing and
explaining the allusions to astronomy in ancient and
mediiBval literature, from Mr. Ijynn's pen. Mr. Lynn
roughly divides the book into two periods—first, that

of those eclipses which took place prior to a.i>. 171.'),

the year when the prominences wore first seen ; the
other, that of those subsequent to that date. The first

authentic recorded eclipse he dates as recently as n.c
776, as found in the "Str-Kimj," which is Mr. Lynn's
free rendering of the title of the Chinese chronicle

the " Shu C/iiui/." Rut according to a series of papers
on " Some Astronomical Records in Ancient Chinese
Books," published in "The Observatory" in 18U5, a
noteworthy eclipse took place at An Yi Hsien on October
22nd, 213G n.c, from 10 to 12.30 in the daytime,
which may therefore surely be allowed a place in eclipse

history. Mr. Lynn has long been known as a first

authority on ancient eclipses, and the first portion of this

his most recent work ably sustains his reputation. The
latter part is the most lucid and accurate compendium of the

results of modern eclipses that we have seen in such small

compass. On page 38, however, he has been led into

error on one point. Speaking of the eclipse of 1878 he
says, " The corona was smaller and less brilliant than in

those of the last-mentioned eclipses"

—

i.e., 1809, 1870, and
1871. This was scarcely the case. As to its form, it was
indeed of a most strongly marked minimum type, but it

was of unusual extent and more than average brilliancy.

These are the only corrections we note in a most readable

and convenient little manual, the low price of which
should certainly secure it a large sale.

Historical and Future Eclipsrs. By Rev. S. J. .lohnson,

M.A., F.R.A.S. (Parker & Co.) illustrated. 4s. 6d.

We are sorry not to be able to accord Mr. Johnson's

book by any means unqualified praise. It is in effect a

second edition of "Eclipses, Past and Future," published

by the same author in 1874, and to which a small

supplement was added in 1889. As it originally appeared

the book had very considerable merits. It passed in

brief but sufficient review nearly all the more important

eclipses of the past, and gave some interesting particulars

of a large number of eclipses to come. But in a second

edition, published after an interval of almost a quarter of

a century, we expect to find not merely all the information

of the first edition, but also its errors corrected and its

general character improved. The reverse is the case. The
information given in the original work concerning the

eclipses of 1896 to 1900—those most important to us just

now—is not expanded but expunged. The misprint of
" Ophinchus " for " Ophiuchus "—excusable, perhaps, in a

first edition—is developed systematically throughout the

present book. The physical details respecting the sun and
planets, meagre enough in the earlier volume, remain
nearly in the same condition, no sustained attempt having

been made to bring them up to date ; whilst the last page
of the book repeats a long-exploded idea. The new matter

is not always correct. Oppolzer's " Canon " is stated not

to give solar eclipses in the southern hemisphere. Curiously

enough, whilst the particulars of the eclipses close at hand
are wholly eliminated, and those relatively near are often

much shortened, the list of future eclipses is carried up to

2491, several centuries further than before. In short, a

work with much to recommend it, and which, with a little
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care in revision, could have been rendered faultless, has

been but little altered after twenty years' interval, and
then often for the worse.

A Contribution to our Knotrledqe of Seedlinqs. By the

Right Hon. Sir -John Lubbock, Bart., M.P., F.K.S.
(Kegan Paul & Co.) Illustrated. 5s. This—the seventy-

ninth volume in the well-known International Scientific

Series— is an abridged edition of a larger work published

under the same title. It is described upon the title-page

as a " popular edition," but this must only be taken in a

comparative sense, for no one unfamiliar with botanical

phraseology could properly imderstand the contents.

Readers who have received that preliminary education will,

however, be interested in Sir John Lubbock's attempt to

throw light upon an important stage in the life-history of

plants. The forms of many interesting cotyledons are

described and figured, and explanations are offered why
cotyledons differ from the subsequent leaves and from one
another. In a previous work on " Flowers, Fruits, and
Leaves,'' the author gave an account of the causes which
determine the form and structure of seeds and fruits.

The present work, with its many suggestive ideas, forms a

worthy companion to its forerunner.

Minerals, and Hair to Studi/ Them: a Book for Beginners

in Mineralog;/. By Edward Salisbury Dana. (New'York :

.John Wiley c^- Sons. London; Chapman & Hall.) Illus-

trated. Students of mineralogy are not very numerous, but

this volume should certainly be r.he means of adding to their

ranks. Written by a master of the subject, and with the

desire to encourage those who wish to learn about minerals,

the volume admirably supplies the wants of elementary
students. Many guide-books to fields of scientific know-
ledge fail to point out the pitfalls and difliculties which are

always liable to crop up in practical work, and which fre-

quently discourage beginners. But this is not so in Prof.

Dana's work. By clear descriptions he lights the way
of the student ; and while he directs attention to this or

that point of interest in the form, structure, or other

characters of minerals, he gives, where necessary, a

caution as to sources of error in an experimental
examination. The arrangement of matter is excellent.

Sections on forms of crystals and kinds of structure,

physical characters, chemical characters, and the use of

the blow -pipe, form nearly one-half of the book ; the re-

mainder is concerned with the description of mineral

species and the determination of minerals. Numerous
illustrations, most of them new, are distributed through
the book, and these, with the lucid text, make up a volume
which will cultivate powers of observation, and excite

interest in a neglected science.

Discovericti and Inventions of the Nineteenth Century. By
Eobert Routledge, B.Sc, F.C.S. Eleventh Edition.

(George Pioutledge & Sons.) Illustrated. When a work
has reached its eleventh edition it is almost beyond the

effects of criticism. Little need, therefore, be said about
the volume before us except that it contains a good general

account of engineering achievements and scientific dis-

coveries, written in a style " understanded of the people,"

and liberally illustrated. Some parts of the book have
been brought up to date much more thoroughly than
others. Thus the statement that " the number of observed

bright lines in the iron spectrum has been since [that is,

since Kirchhoff ! extended to four hundred and sixty, and
yet each is found to have its exact counterpart in a dark
solar line," is behind the times, for nearly two thousand
iron lines have been identified in the solar spectrum by
Rowland. Several other cases of imperfect revision have
been noticed in glancing through the book ; but, taken as

a whole, the new edition of the work deserves to be as

successful as previous ones.

Heating and Ventilating Buildings. By Prof. RoUa C.

Carpenter. (New York ; Wiley & Sons. London : Chap-
man & Hall.) Illustrated. Would that all the tradesmen
who call themselves plumbers and hot-water engineers

had to give evidence of familiarity with the contents of

this book before they were permitted to practise. The
general principles of heating and ventilation are usually

outside the knowledge of workers with lead and solder,

and even in technological classes they are neglected in

order to hurry on to applications. Prof. Carpenter gives

satisfactory accounts of principles of ventilation, the nature

and properties of heat, the radiation of heat, and similar

matters, before describing the methods of application to

the erection of systems of heating and ventilating. By
so doing he shows that he knows the value which purely

scientific facts possess for the self-styled " practical men,"
who often despise knowledge of which the industrial

bearing is not apparent. With the clear and concise

introductory chapters as a foundation, the reader of the

work will be able to follow intelligently the descriptions of

various practical methods and systems employed in heating

and ventilating buildings. Steam and hot water systems,

heating with hot air, with exhaust steam, and with

electricity are all considered, and practical directions for

their construction and installation are given. Throughout
the book the information is sound and practicable. We
offer our congratulations to Prof. Carpenter at having

produced a splendid general treatise on a branch of

engineering little studied in this country.

SHORT 'notices.
The yational Geoi/raphic Mmjazine fU.S.A.). (London: E.

Marlborough & Co) Issued from Wasliington as the org in of the
National Geographic Society of America, this excellent monthly may
now be obtained in London or Paris.

The Interchaiir/eable Incle.r. (Spink & Son, Piccadilly ) This is a

most ingenious invention for the cataloguing of all kinds of collections

Ihe metliod is simplicity itself. The desired narrative is written

upon specially prepared slips, which are then inserted iu the )"a^es

of a quarto volume, having slits already cut to receive them. The
slips are of various sizes, and are of course interchangeable, so that

perfect alphabetical or.ier is at any time possible by the simple j)roi'ess

of inserting yoiu- latest addition in its proper place, and then moving
the others the necessary spaces forward. Of the smaller slip, the
volume before us will take no less than 480.

The Con'litioH of Workinif fl'omen and the faclori/ Arts. By
Jessie Boucherett and Helen Blackburn. (Elliot Stock.) This little

book is an interesting plea for the direct representation of women in

the construction of factory legislation, which the writers consider
to be nndtily oppressive to the interests of working women.

Theatre Panics oml /heir Cure. By Archd. Young. (Andrew
Elliot, Edinburgh.) This is another attempt to deal with the terrible

dangers arising from a panic in th.catres and other buildings when
crowded with people. Mr. Young's ideas are admirably illustrated

in a series of plans by Mr. 1 homas T. Paterson.

The Observer. (Kdward F. bigdow, I'ortland, Conn.) The
editors are to be cnigratulated upon their energetic attempt to further
tlie cause of popular work in nature studies.

Hainan " First Brass " Oiins. By Leopold A. D. Montague.
(C. U. Nunn, Bury St. Edmunds.) A cheap guide to the Roman
briss coinage, and very useful to I'oUectors.

Messrs. Macmilian A- Bowes send us a catalogue (Xo. 2.">7) of
valuable books on mathematics and astronomy from the libraries of

the late Mr. Arthur Cow])er Itanjard and Prof. Henrv J. Stephen
Smith. .

\Ve notice that Mr. R. Kanthack, of 18, Berners Street, I.ondou,
has been appointed sole aient in the I'niteil Kingdom and Colonies
for Messrs. C. .V. Steinheil Sohiie, the famous astronomical instrument
makers of Munich. '

'

BOOKS received.
Mars. By Pcrcival Lowell. (Longmans.) Illustrated. 12s. 6d.
The Indian Calendar. By Robert Sewcll and S. B. Dikshit. With

Tables of Eclipses visible in India. By Dr. R. Schraur. (Swan,
Sonnenschein.) 31s. 6s.
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Mixvellaneoiis Papers. Bv Hciiirich Hertz Transliited by 1). K.
Joiips, B.Si\, and O. A. Soliolt, H.A., i3.Sc. (Mai'niillaii.) IIM.

li'aler Snpplu. By W. 1'. Mason. (New York : 'Wiley. Lon-
don : (.'liajiiimn it Hall.) Illustrated. 2l9.

A Dictiomini of the yames of Minerals. By A. It. Cliester, E.M.,
Ph.D., So.D. (Xew York : Wiley. London ; Chnpiimn & Hall. 1 lOs.

Pre.is Workinq of Metals. By Oberlin Smith. (.\ei\ York :

AViley. London: Clm)iman & Hall.) ]llu.«tnited. ]2s. (id.

Chemi.itni in Daily Life. B^ Dr. Lassar-Colm, Translated by
M. M. Pnttison Muir, ALA. (avevel & Co.) Illustrated. (>s.

A Manital of MenUini/ and Hepairint/. By C. Cx. Leland, (Chatto
& Windus.) Illustrated. 5s.-
[The Editors do not hold themselves responsible for the opinions or

statements of correspondents.]

SEA SICKNESS: A m'iCCII.\NICAL REMEDY.
To the Kditom of Knowledge.

Sirs,—Some years ago, when crossing the Irish Channel
on board a passenger steamer, with a very rough sea, it

oicurred to me that as the motions of the vessel produced
sea sickness, it might be possible to so utilize such motions
as to prevent that disagreeable malady.
The vessel has three kinds of motion : a rising and

falling motion of the entire vessel ; an oscillatory motion
longitudinally about its centre of gravity ; and a transverse

rolling motion.

Without going into the technicalities of these motions,
I may say that I treated the longitudinal motions as having
a tendency to drive matter, centrifugally, towards the head
and stern, and the rolling motions as having a similar

tendency to drive matter outwards from the centre of such
motions.

Now, the entrance to the stomach is on the left side of

the body, the (rsophagus end, and the exit is on the right

side, the pyloric orifice
; and my experiment consisted in

utilizing the longitudinal motions so as to keep the food in

the stomach, and utilizing the rolling motions so as to

assist the natural operations of the wsophagus in propelling

the food towards the pyloric orifice. This I effected by
selecting a couch arranged in a line with the keel ; lying

with my head toiidida the engine room, and lying upon my
Ifft side. The experiment was entirely successful, and I

have always adopted it in rough seas, when a suitable

berth could be obtained. The pitching and rolling of the
vessel had the desired eiiect of aiding the retention of the
food, and the rising and falling of the entire vessel was
immaterial, and did not in the least interfere with my
comfort. The experiment cannot be carried out with
berths arranged athwart-ship. Thomas Moy.

"waVes.
To tlie Editors of Knowledge.

Sirs,—Allow me to make a remark about Mr. Vaughan
Cornish's article on the " Tide Wave " in the May Number
of Knowledge.

I find as explanation for the secondary tide formed by
the moon that the solid globe (that is, the earth as a

whole) is pulled away from the waters, leaving them
heaped up ; in other words, the earth is pulled out of its

orbit, in which it revolves once a year round the sun, and
undergoes a daily deviation (not a monthly one, which it

actually does), whilst the waters on the opposite side of

the earth are not subject to that deviation, because they
are not sufficiently attracted. That the attraction is less

powerful on the opposite side is quite true, but the con-

clusion I draw from this fact is different from that drawn
by Mr. Cornish.

The large circle E represents the earth, the smaller M
the moon, and the shaded part round E the water
surrounding the earth, A and B being two points diametri-

cally opposite on which there is high tide at the same
time. The attraction of the moon accounts for the wateru

being heaped up at A, as the liquid mass is more subject

to that attraction than the solid earth. But is the earth

itself as a whole pulled away from its orbit in a daily

deviation ? Observation teaches it is not. So the solid

globe cannot actually be drawn away, and there must be

another reason for the water bulijing up at B. The
attractive power of the moon is much smaller at 15 than
at A, owing to the greater distance ; and therefore the

centrifugal force, which arises from the daily revolution of

the earth round its axis, has the same effect at B as the

attraction of the moon has at A—that is to say, owing to

the centrifugal force the waters at B try to get away as

far as possible from the centre of the earth, and cause the

same bulging out that takes place at A.

I do not profess to have given in the above quite an
exact and correct statement of the facts. It seems to me,
however, more plausible than the theory of the solid globe

being pulled away from the waters. E. Wohlwill.

TIDE OF the" RIVER WYE.
The second paragraph of Professor Logan Lobley's

note upon this subject in the List number of Knowledge
(at page IHO) was incorrectly printed. It should read as

follows : "A seismic wave, or one caused by a volcanic

eruption, although it may reach coasts at a great distance

if there is no intervening land, is non-coincident with the

cosmic tidal wave."

ABOUT DEATH RATES.
By Alex. B. M.\(I)owall, M.A.

WE live in an age of sanitation. In the course

of a generation the conditions of life have in

some ways been sensibly improved. It is a

well-known fact that the death rate has de-

clined. This result has naturally been an
occasion for much—perhaps excessive—^jubilation. There
are sanguine spirits who seem to see in the near futm-e a

complete victory over all the ills that Hesh is heir to.

It is not so generally known that this improvement in

the death rate is not an all-round one ; that is to say, it

holds good only, as we may put it, for the earlier half of

life. The death rate of middle-aged and elderly people has
increased. I will illustrate this with a diagram (Fig. 1).

This relates to males, in England, of different age-

groups, viz., to 5, 45 to 55, 55 to 65, and 65 to 75.

The first dotted curve shows the variation in the death

rate of children. By a smoothing process the general

course of the curve is brought out more clearly in the

continuous curve, each year-point of which represents an
average of ten {e.g., that for 1818 the average of 1841 to

1853). Here we find a marked decline from about 1865.

When we come to the age-group forty-five to fifty-five,

however, we encounter a general rise in the death rate

;

and the next two decade- groups (for which only the smooth
curves are given) are of the same type.*

With regard to the omitted age-groups, the earlier ones,

to thirty-five, all show a decline, and generally from the

* Each of these curves, or curve-groups, it will be seen, has its

separate scale, and that of « is different from those of h. c, and d.
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Fig. 1.—Death Rates of Males in different Age-
gi'oups (England).

outset. The group thirty-five to forty-five, as also the two
groups over seveuty-five, show little change in the final

result.

This rise in

the death rate of

adults—amount-
ing, in those

three groups, to

about six, twelve,

and seven per

cent, respec-
tively from first

to last—presents

an important
problem in

sociology.

The great
world of London
presents many
startling con-
trasts in the

conditions of life.

It is not wonder-
ful to find the

ravages of death

much more se-

vere in one part

than another.

Here are two
curves (upper
part of Fig. 2)

showing the his-

tory of the death

rates of East and
West London
since 1851. Not only is the death rate of the Western Dis-
trict considerably uuder the other (say three to five in one
thousand), but the improvement is greater and more con-

tinuous. The Eastern
death rate rose in 1866
to 34-0 through the

visitation of cholera,

which chiefly afl'ected

East Loudon ; three-

fourths of the total of

deaths ( three thousand
six hundred and ninety-

six) taking place in

Eastern parishes. In
185-1—another cholera

year^the difference in

mortality of the two
districts was much less.

It might possibly sur-

prise some people to

hear that the death rate

for Ireland is generally

less than that for

England and Wales.

We must remember
that the population is

more largely rural. In
the lower part of Fig. 2

(dotted curve) is shown
the course of the Irish

death rate since 1861,

and it is smoothed in

the continuous curve (as
before). Above are the smoothed curves of the death rates

Fig. 2. — Death Kates (London,
England, and Ireland)

in England and in London. While the two latter curves

have been going down almost continuously since 1866,

the Irish curve shows an upward tendency from about

the same date, followed by a nearly stationary condition

since about 1875.

Here are the first and last figures of these smoothed
curves :

—

London 1857, 23-8; 1890, 20-1

England 1857,22-1; 1889, 18'9

Ireland ... 1868, 16-8; 1889, 18-2

It is interesting to

compare the death

rates of various
European countries

through a series of

years. Here (Fig. 3)

is a group of curves

showing the actual

variations for Eng-
land, Scotland, Bel-

gium, Prussia, Aus-
tria, and France ( each
with its separate
scale).

There are some very

conspicuous years in

some of these curves,

accounted for chiefly

by cholera, or war,

or I as in the case of

1866, in Austria and
Prussia) by both.

In the general trend

of most of these
curves one may detect

a considerable simila-

rity. Thus we may
make out by the eye, mo s 6t> s ,» '.; ^o s so a

or by smoothing Fig. 3.—Death Kates iu some

methods, a long wave European Countries.

rising from about
1860 to a crest something like a decade later, followed

by a long downward slope, interrupted latterly, in some
cases, by mortality from influenza. It would appear

as though some common cause (possibly of climatic

,, nature) were at

work giving rise

to this general

u n i f rm i
t
y of

variation.

We have had
a striking in-

stance lately of

the effect of cold

and mild winter

weather on our
mortality. The
first quarter of

1895 was in-

tensely cold ; the

first quarter of

1896 very mild.

_
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THE FOLDINGS OF THE ROCKS.

By ProI'. J. LoOAN LOBLEY, F.G.S.

ALT1H)UGII most observers of nature are fully

cognizant of the inclination or "dip" of the

stratified rocks, and well know that oblique beds

seen in an exposure or section of these rocks are

but parts of groat folds, yet few are aware of the

extent to which the sedimentary rocks have been disturbed

from their original horizontality. It may even bo said

that few geologists, to whom rock-foldings are familiar,

realize the aggregate magnitude, much less the momentous
significance, of the plications of the stratified rocks. It

may, therefore, be useful to present a few facts to bring

home to the mind the vast extent to which the once

horizontally deposited strata, forming the exterior rind of

the globe, have been folded and plicated since they were
completed sheets of rock.

Cultivated, verdure-covered, or wooded land so generally

forms the surface, and conceals the underlying beds from
observation in almost all generally known regions, that

exposures of the rocks beneath the surface have to be

sought for ; but yet they are sufficiently numerous to

reveal the general structure of the ground beneath us.

Natural sections are seen in mountain precipices, toi-rent

ravines, banks of rivers, and cliffs of the sea coast

;

while mining, quarrying, well sinking and boring, and
road and )-ailway engineering, with its excavations

and tunnelling, supply many and most valuable artificial

sections.

Although these exposures of the rocks forming the

exterior crust of the earth show in many cases horizontal

or only slightly inclined strata, yet so many present to

view highly inclined beds, and these in so many widely

separated parts of the world, that, in the words of Sir

Archibald Geikie, " we may readily perceive that the

normal structure of the visible part of the earth's crust

is one of innumerable foldings of rocks.' The examples
that follow must, therefore, be regarded merely as typical

illustrations, and not by any means as an exhaustive list

of those that have been observed.

Our own country of England affords many remarkable
examples of highly inclined and folded rocks. In Shrop-

shire the Cambrian rocks of the Longmynd Hills are

actually vertical, with beds of conglomerate in which the

longer axes of the pebbles are upright ; and so it is evident

that these massive beds are but remnants of enormous
folds, the upper parts of which—the crowns of the arches

as it were—have been entirely removed. Such is also the

case in the Isle of Wight, where, at both the east and the

west end of the island, the stratification of the Chalk may
be seen by the lines of flints to be almost vertical. In

other places the rocks, though not so nearly vertical as

ill the above-named localities, are yet very highly inclined.

In the Vallis Valloy, near Frome in Somersetshire, the

Carboniferous Limestone is at a very high angle—about
seventy degi'ees—but overlaid by Jurassic rocks that are

almost horizontal. The grand section of the Carboniferous

Limestone in the gorge of the Avon below Bristol shows a

dip of forty degrees throughout the whole section, which
is fully a mile in length, giving the thickness of the

formation. In the Mendip Hills the compression of the

horizontal extension of the rocks by folding has been
estimated to be as much as half of its original length. In
many localities, too, the rocks are so plicated that they

can only be called contorted, the bendings being so nume-
rous in a small space and the angles so acute. Such are

the Purbecks of Lulworth, in Dorsetshire, and the Lias of

some sections in the Midlands. The remarkable Silurian

inlier in the midst of the Dudley coalfield, forming the
Wren's Nest, is but the summit of a fold of Wenlock
Limestone that rises through the Coal Measures. Of large

but less acute foldings there is an example to the west of

the Malvern Hills, whore the Wenlock Limestone is in a
great synclinal that passes under the Ijudlow, which at

Ledbury becomes an anticlinal ; and in the same county of

Hereford the remarkable "valley of elevation " at Wool-
hope gives a conspicuous anticlinal of Upper Silurian rocks.

A very fine example of folding, showing both the synclinal

and anticlinal fold on a large scale, is presented by the

London Basin and the great valley of the Weald to the
south, London being over a synclinal of the Chalk which
rises to the south and forms the North Downs that over-

look the great Weald Vale, through which passes from east

to west an anticlinal axis from which the beds dip to the
north and south.

In Wales the examples of inclined and folded rocks are

almost as numerous as the sections, both North and South
\\'ales being formed for the most part by greatly folded

Palfeozoic rocks. A remnant of a vast synclinal fold of

Caradoc rocks forms the upper part of Snowdon, in North
Wales, and a great anticlinal of Ludlow rocks gives the

Alt Fawr and Corw-y-Fan of Brecon, in South Wales; while

marvellously contorted rocks, most acutely bent, may be

seen at Holyhead Island, opposite the South Stack. Kock
foldings and acute plications are as conspicuously dis-

played in Scotland and Ireland. Indeed, in some parts of

Scotland there is seen an actual inversion of strata, the

beds being bent back on themselves. On the coast of

Berwickshire the Silurian rocks are highly contorted, and so

also are the rocks near the Old Head of Kinsale, in Ireland.

When the English Channel is crossed the rock foldings

are found to be on a still greater scale in surface extension

than is indicated by the observation of British rocks alone.

Along the whole distance, from Westphalia on the east to

Somersetshire on the west, and even further, to South
Wales, the Palneozoic rocks are folded in a succession of

synclinals and anticlinals ; and in the Ardennes, forming
part of this line, enormous masses of these folded rocks

have been removed by denudation, yet hills approaching

mountains in elevation are left which are the remnants of

the original vast plications. In the Eifel district of

Germany the Devonian rocks are greatly plicated, and of

the same age are the rocks forming a great anticlinal in the

Department of the Sarthe, in France ; while Silurian rocks

show foldings on an extensive scale in Bohemia.
Those who have travelled by the railway from Macon

to Geneva may remember the rock foldings displayed

i

by the cuttings along the base of the Jura range of

mountains. These foldings of the Secondary rocks in the

Jura are, or have been, regularly alternating synclinals

and anticlinals, though now showing much denudation,

which in many cases has transformed the synclinal folds

into elevations and the anticlinals into depressions. But
when the Alps themselves are reached, rock folding is on
a truly stupendous scale. Even to the ordinary tourist,

the precipitous sile of the Rhigi towards Lake Lucerne
shows, by the inclined beds there conspicuously displayed,

the enormous uptilting and folding to which the Alpine

rocks have been subjected; and at the southern end of the

same lake, near Fluelen, highly plicated rocks will arreat

his attention. It is, however, by the perforation of the main
axis of the Alps by the great tunnel of the St. Gothard that

we have become acquainted with rock folding in perhaps

its greatest manifestation. Thus it has been found that

the rocks forming the central portions of this great

mountain range are mainly the vertical portions of vast

plications, and at Andermatt and Airolo these rocks rise
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in a fan-shaped manner which gives actual inversions of

strata. This enormous folding is found to be the prevailing

character of the Alpine rocks from the northern side of

Switzerland to the plains of Lombardy. The summit of

the Great Ruchen, ten thousand feet above sea-level,

affords another example of a former vast fold having left

as its witness a remnant of vertical beds ; and on both

sides of the great mass of Mont Blanc, in the Yal de

Chamouni and the Yal Ferret, are vertical Jurassic rocks

which are but the remains of a fold that has extended

over the rocks formLn? the summit of the monarch of the

Alps. A grand example of inversion of strata is seen in

the Glarnish Alp, where the beds are folded, as has been
said, even as we might fold carpets. In the extreme north

of Europe, too, both in Norway and the Ural Mountains,
the Palaozoic rocks are found to be folded on a most
extensive scale, giving in some places quite vertical strata,

though overlaid by horizontal beds of recent geological age.

As in Europe so in Asia, the mountainous regions exhibit

flexures on a grand scale, with Pahiozoic rocks that are

but the remnants of vast folds, in some of which, as in

Baltistan in the Himalayan region, the phcations have
been suiSciently extreme to quite reverse the original

sequence of the beds. Far to the south of the Himalayas,
too, in Mysore, the rocks have been greatly folded, and so

far denuded as to leave but remnants of their original

phcations. In Asia, however, not only are the Palaeozoic

and the Secondary rocks folded on a great scale, but Tertiary

strata are so too. The Eocene rocks of Afghanistan and
Beluchistan give the broken and denuded anticlinal vaUey
of Chumarlong, and the anticlinals at Tungar and the Deka
ridge. Again, to the east, the great folds of the Tertiary

rocks form anticlinals on both sides of the Paver Jhelum,
with synclinals so elevated as to give peaks and ridges

forming lofty mountains, as the Murree Ridge ; whOe
Mount Mianjani, on the west of the great vale of Kashmeer,
nearly ten thousand feet, is also formed by folded Tertiary

rocks. The great Eocene Limestone, called the Nummulitic
Limestone, is in great flexures in the north-west of India,

which rise in the Balket Mountains to six thousand feet

above sea-level, and in the Sievalik Hills the still newer
Sandstones are greatly folded.

Though the moimtainous regions of Africa have not yet

been sufficiently explored to afford geologic^ details, and
many of the highlands are volcanic, yet we have abundant
evidence of great folding of the rocks in that continent

also, both in the north and the south. As was shown in

Knowledge, page 51 of the present volume, the auriferous

rocks of the Transvaal ^Yitwatersrand are highly incUned,

and are but remaining portions of great folds. In the
north of Africa, and forming a large part of the main
range of the Great Atlas, are grey Shales having a nearly

vertical position. Of these rocks Mr. George Maw says

they are pre-Cretaceous, and ''their almost vertical position

appears connected with one of the several upheavals that

have affected the chain." Metamorphic rocks, having a
dip of from fifty degrees to eighty degrees, form hiUs in the
immediate neighbourhood of the city of Morocco.

The great western continent of America tells the same
tale of enormous rock foldings. Although in North
America there are great areas formed of rocks but Uttle

folded, yet in Canada, near the eastern coast. Paleozoic
rocks, conformably overlying the Laureutian, have been
much folded and even contorted ; and in the neighbour-
hood of Lake Superior there is a natural arch of rocks
formed by an anticlinal, the interior rocks having been
removed by water erosion. In Colorado both the Pala--

ozoic and the Secondary rocks arc so upheaved as to be
almost vertical, being parts of great folds, and in the

Mosquito range there are reversed folds. In Texas there

are synclinal troughs, the bases of once enormous folds
;

and in New Mexico the Carboniferous rocks are quite

vertical, and in places even folded on themselves.

The rocks of the more eastern parts of the United States

are also greatly folded. Indeed, so enormous has the

plication been in the Appalachian Mountains, that Prof.

Claypole estimates the compression of the original hori-

zontal extension of the Appalachian rocks by subsequent

folding to have been from one hundred and fifty-three

miles to a present breadth of sixty-five miles. In Yirginia

and South Carolina the rocks are greatly folded, and in

Massachusetts and Yermont the same phenomenon is

conspicuous, vertical strata being displayed in the former

of these two States.

In South America there is a magnificent display of folded

and uptilted rocks, the Silurians, nearly vertical, rising to

about twenty-five thousand feet above sea-level at the

summit of the Andes ; and the Devonians and Carboniferous

rocks forming great folds or parts of folds, chiefly syncUnals,

at lower levels, the latter giving to the west of Lake
Titicaca a wonderful series of upturned edges. The
Peruvians and Secondaries of the Andes exhibit similar

phenomena.
Nor is rock folding on a great scale wanting in the

Australasian continent. In the Ballarat district of Yictoria

the Lower Silurian rocks have been so greatly folded that

the strata are often nearly vertical ; while in Gipps Land,
in the same colony, the Devonian rocks are highly inclined,

and in the Cape Otway district there is an enormous
anticlinal fold of Mesozoic rocks.

Many other remarkable illustrations of rock folding

might be given ; but those now cited will suffice to con-

clusively show that the rocks forming the outer rind of

the earth's lithosphere have been subjected at various

times and at various places to enormous lateral pressure,

that has folded, plicated, and crumpled them previous to

the production of the present surface featm-es. The dis-

cussion of the cause of this pressure must be left for a

future occasion.

THE
WAVES.-VII.

ARTISTIC STUDY OF WAYES.

By Vaughan Cornish, M.Sc.

A
GOOD sea-piece always makes a pleasing picture,

and the foundation of a good sea-piece is correct

drawing of the water, showing the form and indi-

cating the motion of the waves. Instantaneous

photography reproduces with absolute fidelity the

fonn of the water surface as it would appear to the eye if

illuminated, say at night, by a lii^htning flash. Such an

instantaneous illumination makes moving objects appear

at rest, and this is apt to be the effect of photographs of

the sea. When watching the waves under ordinary

conditions, the sense of movement is probably due, in

part at least, to the persistence of impressions upon the

retina, several impressions received at successive moments
being simultaneously present. To reproduce this effect ia

a picture the phases represented together upon the canvas

should be nearly but not quite simiiltaneous.

I propose to examine a number of sea-pieces which are to

be seen in the London galleries at the present time, in order

to show how the artists have rendered the forms of waves.

Taking the National (iallery first, which contains some
excellent examples of the old Dutch sea painters, I find

in Xan der Welde's picture, " A Gale" (No. 876), a good

representation of short rough waves quickly raised by a
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brisk wind in shallow sea. The profile of several auooes-

sive waves, concave on the Icc ,ancl curving over, perhaps "

liitir too much, ou the weather side, should be noticed.

The same aspect is shown in some of lUkhuizen's pictures,

but not so well.

In the Turner Gallery are many famous sea-pieces. He
likes to percli a boat precariously upon an isolated mound of

water. This may bo a way ol' indicating the toss and tumble

of the sea, but "the balanced rhythm of the undulation is

thereby lost. " The Sliipwreck " (No. 176) is an instance of

this, in wliicli there is a great heap of water on the right-

hand side, and nothing to balance it on the left. However,

such is the aspect of sea waves whicli Turner chooses to

represent, and one would bow to genius and pass on if

these great unbalanced billows were at all like the waves

go straight from the Turner Gallery to theChantrey pictures

and tlie Prescot Ilewett Gift pictures at South Kensington,

and tost hi^ impressions by examining some of tlie finest

wave pictures in the world. On students' days at the

National Gallery one cannot but regret to see so many
artists copying sea-pieces in which the sea is badly drawn,

when really good studies of waves are to be found so near

at hand.
There are some half-dozen wave paintings at Sjuth

Kensington which at once bring the real thing before

one. IPerhaps, as a study of waves, the best of all is

"A Grey Day at Sea," by Sir Francis Powell (No. -121

in the Prescot Ilcwctt Gift). In this picture I note the

following points of careful observation aci'irately rendered,

most of which are missed even in the average of gjod sea-

\4S^'

tP^.^-^

An Indiaiuau lu a Kortli -Wester off the Cape of Good Hope. From a iiitluiL' lj\ llr. \\ jn. iJaunU, K.

of the sea, but they are not. The fluid has more the

consistency of tar—it is some slow viscous fluid tossed

into great heaps. Take, for instance, No. 813 :
" Boats

in a Stiff Breeze off the Coast." The height of the

waves is nearly half the length from crest to crest

;

and m " Spithead " 'No. 481) the slope of the waves
is about forty-five degrees. The wind has raised the
waves, but gravity has no power to bring them down
again and the breeze has no force to drive them forward.

On the other hand, the wild sea towards the horizon in

the picture of " Calais Pier " (No. 472) is very fine; but
it is generally the waves in the background which are

Turner's best. His breakers (in No. 496) are as bad as

his deep-sea waves. If anyone donbt his eyes when looking

at these pictures, deeming his visual memory too unreliable

to justify him in finding fault with a master's work, let him

pieces. The waves run from right to left before a strong

wind, and in the foreground on the left we see the back or

weather slope of the first of a train of waves. This slope

is much less steep than that of the lee side of the nest

on-coming wave. It is driven by the onward rush of the

wind, instead of being supported and heaped up by the

wind eddy, as are the leeward slopes. Again, on the

weather slope the rushing wind tears at the water, raising

new waves upon the slope of the billow. In another

moment the top of the wave will break and the pressure

of the wind will be relieved. The lee slope of the

next on-coming wave is in comparative cilm, sheltered

in the eddying wind ; but the surface of the steep slope,

though smooth, is covered with a thin network of

transparent foam ; and here the artist has shown great

power of observation. The foam was left when the
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preceding wave passed this point. The crest of the wave
broke, streams of water-drops flew out, streaking the back
of the wave and giving it a " ropy " look. This is not
actually shown, for it happened a second or two before the
time represented in the picture, but the painting is so good
that we can reason backwards from it. This ropy appear-

ance is seen on a small scale at a certain stage in the
splash of a falling drop, and is shewn in a drawing in

Mr. Worthington's admirable papers on that beautiful

phenomenon. The streaking of the back of the wave
indicates the presence of little ridges and furrows, which
(as well, perhaps, as the larger ridges and furrows due to

cross waves) give rise to a vast number of whirlpools on
the back of the breaking wave. The foam of the breaking
crest, left behind as the wave rushes on, is whirled round
in the vortices. The vortices are always formed in pairs,

each pair consisting of a right-handed and a left-handed
whirl. The foam is collected round the edges of the
whirls, and particiilarly where the whirls approach one

(whether of water or nf snnil) which are forced at their

crest by the co-operation of a forward current and a back-

ward eddy, as is the case with the storm waves of the sea

and with ripple-mark in sand. The knife edge is shown
on the billows to the right hand of the picture in exactly

the proper way, for the artist has shown the sharp edge

without falling into the mistake of making the top of the

wave too thin. In a more distant part of the same billow

we see the spraying " white horses," just where the crests

of the cross waves give to the main billow a height too

great for its forward velocity ; and the upward as well as

forward motion of the spray is just indicated. In fact, a

mass of detailed observation has been accurately em-

bodied, and perhaps condensed, in this small picture, and
the result is far finer than that of any attempted emphasis

by way of exaggeration. When I look at this picture I

see the storm itself; and soon, as each true detail starts

out clear before me, I feel the stinging spray ard breathe

the rasping air.

"Where the wild Atlantic surges Eush with headlong race to shore."

From tin' iiHtff-coUiii- j},iiiiti,i<^ )ni Mr. Jic'ihmJd Smith, in the ifoynl Acatiemii Ktrliitntion n/isog. ( Hy /rniil'pcrmijsion of tha Arli^^t.)

another, and a thin transparent network (for the bubbles
have burst, leaving only a thin film) is formed, the meshe.s

of the net being oval, for the circles are drawn out into ovals

by the forward motion of the water. This, I think, is

how the floating film of foam assumes the characteristic

and wonderfully persistent form which is so well indicated

in Sir Francis Powell's picture.* Again, there is a ten-

dency to form a Imi/'e edge along the crest of all billows

* Tliere is another point to be noticed about the effect of vortex
motion upon the appearance of water : it gives a stretched or oWs look
to flic surface

;
probably, as luis been suggested to nu\ because the

surface is ieiie«ed from below toj rapidly for ripples to form. This
stretcfedlook is often noticeable on the back of the breaker, especially
in a ground swell, and it deserves the attention of sea painters. The
most familiar example of the appearance produi'cd by vortices is the
swirling wake behind a rudder. Anotlier example is the wake left

outside the edges of the i)addles of a steamer. A sharp edge intro-

duced in running water will geiu^rally give it. The effect may oft^n
\>e noticed also in a swirling river.

Among the larger works in the adjoining rooms,
" Britannia's Realm, " by Mr. -John Brett, shows a great

stretch of blue sea covered with the little waves raised

by a light zephyr. The scale of the picture is a part

of its merit, for it is only by including a multitude of

waves upon the canvas that an artist can fully convey the

rhythmical effect of a repeating undulation. Mr. Vicat

Cole's " Pool of London," which is placed next to this

picture, gives a line rendering of the restless waters of a

tidal river where wind conflicts with current. " Their

Only Harvest," by Mr. Colin Himter, in the nest

room, brings out well the cross waves which generally

traverse the larger undulations of the sea. The ren-

dering of this effect, emphasized by a low light, ia

characteristic of this artist's pictures. Mr. G. H.
Andrews' water-colour drawing, " A Storm in the North
Sea," takes in only two of the great storm billows ; but

the flanks of these are themselves carved into waves of

a not inconsiderable size. The eflfect of a scjuall, with
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driving rain, upon the surface of the water, is excellently

done. The picture is a genuine study of a storm at sea,

which is, of course, much more rarely painted than the

storm waves as seen from land. The late Mr. William

Daniell is one of the few painters who has represented

from personal experience the storm waves of the open

ocean. l'"ig. 1 is a reproduction of his picture, '' An
Indiaman in a North-Wester off the Capo of (lood Hope,"

reproduced from a fine print in the British Museum. The
immense velocity of these very long waves is finely indi-

cated in the billow whitli rushes from right to left, having

just raised the ship to its summit. This artist was too

much given to exaggeration to be quite satisfactory as a

sea painter : his waves are often ridiculously steep besides

being too hi^h ; but this picture has the merit of con-

veying an impression of the great length and speed of

ocean waves.

The Academy of 1S90 has a large number of sea-pieces

of varying degrees of merit. Perhaps the best study of

waves is No. IKil in the Water-Colour Boom, by Mr.

Reginald Smith ;
" Where the wild Atlantic surges rush

with headlong race to shore," which is reproduced from a

photograph in Fig. 2. We are looking towards the coast,

and see the sloping rounded backs of the rollers, whose

long undulating crests extend far to the right, rank upon

rank charging irresistibly along. In this picture the

network film of foam is very well rendered. In the left

lower corner only does the drawing fall below ex-

cellence. In Mr. John Eraser's picture, " Newhaven

"

(105), in No. V. Gallery, the heaving of the waves near a

vertical wall has been skilfully preserved, while all trace

of forward motion has been properly suppressed. In Mr.

J. C. Hook's pictures (Nos. 48 and 279) the water is so

smooth as to give little scope for wave drawing on the

scale adopted
;

yet a careful examination shows great

mastery of the forms and motion of the sea. Mr. Wm. J.

Callcott has put plenty of movement into the sea in

" Smcaton's Lighthouse on the Eddystone " (No. 411), but

he makes the common mistake of representing, in the

foreground of the picture, two waves which are back to

back, running away from one another instead of following

in procession. Mr. C. Napier Hemy's " Through Air and

Sea, through Scud and Spray," is one of the best wave

studies. The light coming through the top of the wave on

the left indicates the thinness at the crest, which, from its

position, could not be shown by the drawing. The action

in the picture seems to cease abruptly in the right-hand

corner, which is a pity. In " ^'olunteers for a Boat's

Crew" (917), by Mr. T. Somerscales, there is wild white

water lit by sunshine in the distance, and a sluggish sea

under a black cloud in the foreground. The effect of

cont:ast is fine, but I think the drawing has been to some

extent sacrificed for the sake of this effect ; there seems too

much wind in the picture for the nearer waves to move so

sluggishly. There are a number of sea-pieces in this year's

Academy which I cannot criticize because they have no

drawing, and this applies to several pictures by distinguished

sea painters, who have not taken the trouble to draw the

forms they know so well. For complete disregard of

drawing in sea-pieces, however, the most notable collection

of examples I have seen is in this year's Paris exhibitions.

For good book illustrations of waves I may refer to Mr.

Eobert Leslie's charming " Waterbiography." All his

illustrations of the sea are worth studying. Mr. Leslie

* Tlie following explanation I'-as been giren of the smoothing of

the sea bv rain. The rain does not penetrate, but, driving water

down before it, mixes up parts cf the sea water the momentum of

whose oscilktion is in opposite directions, thus annulling the

rhvthmic swing of wave motion.

knows the sea too well either to slur over the drawing, or

to attempt an increased ofl'ect by exaggerating the forms of

waves.

Of wave phenomena, other than the wind-raised waves
of the sea, artists take but little note. I have met with
hardly any attempt to represent a train of standing waves
in a rapid stream, except in one picture in the Luxem-
burg Gallery, and that is not successful. Ship waves
are sometimes done, the earliest attempt that I am
acquainted with being in Turner's well-known picture,
" The I'^ighting Trirn'raire towed to her Last lierth." In a
fine picture now at Versailles, " Arrivre de I'Escadre

Ilusse, Toulon, IH Octobre, 189;j," by M. Paul .Tobert, the

curved and stepped front of the echelon ship- waves is well

shown.
Photographic views of waves consist for the most part

of studies of big breakers on rocky coasts, with clouds of

flying spray, and, sometimes, masses of curdled foam.
Mr. Worslcy Benison's " Westby Series " of photographs
are the finest studies with which 1 am acquainted. One
of these is reproduced in our full-page illustration. There
is no sea painter, however skilful, who would not fiad

much to repay him in the careful study of such photographs.

Above all, the foam is rendered as no painter ever rendered

it ; not merely the thin film of foam of which I have already

spoken, but the thick white froth of the breaker line,

which looks by daylight like whipped cream, but by
moonlight is changed to molten silver. This difference of

aspect, I think, is due to the circumstance that in moon-
light we only get a surface, and therefore a metallic,

reflection ; whereas the sun's stronger rays pierce into the

curdled masses and then struggle up again into the air,

thus imparting the translucenoe which gives to foam its

look of lightness.

THE FACE OF THE SKY FOR JULY.

By Herbert Sajdler, F.E.A.S.

THE Sun's disc is now comparatively free from spots.

Conveniently observable minima of Algol occur

at Oh. 5m. a.m. on the 5th ; at 8h. 54m. p. it. on
the 7th ; and at lOh. 36m. p.m. on the 27th.

Mercury is visible as a morning star during the

first three weeks of the month. He rises on the 1st at

2h. 44m. A.M., or Ih. 6m. before the Sun, with a northern

declination of 19° 44', and an apparent diameter of 8:^",

about fgths of the disc being illuminated. On the 4th he
rises at 2h. 30m. am., with a northern declination of

20' 28', and an apparent diameter of 76", being at his

greatest western elongation (21 J°) at noon. On the 8th
he rises at 2h. 34m. a.m., or 2h. 20m. before the Sun, with

a northern declination of 21° 30', and an apparent diameter

of 7", about one-half of the disc being illuminated. On
the 11th he rises at 2h. 35m. a.m., or Ih. 24m. before the

Sun, with a northern declination of 22° 11', and an

apparent diameter of 6i ", about x^'^^s of the disc being

illumiaated. On the 16th he rises at 2h. 45m. a.m., or

lb. 20m. before the Sun, with a northern declination of

22° 54', and an apparent diameter of 5f", about three-

quarters of the disc being illuminated. On the 21st he

rises at 3h. 7m. a.m., or lb. 202. before the Sun, with a

northern declination of 22^ 46', and an apparent diameter

of 5j", tVo^^s of ^^6 disc being illuminated. After this

he approaches the Sun too closely to be conveniently

observed. While visible, Mercury passes through the

eastern portion of Taurus into G^emini, being near

1) Geminorum on the evening of the 11th, and /x Geminorum
on the evenings of the 12th and 13th. He is at his
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greatest western elongation (21^°) on the 4th, and in

superior conjunction with the Sun on the 31st.

Venus is in superior conjunction with the Sun on the

9th, and Mars is, for the observer's purposes, invisible.

•Jupiter is now too near the Sun for satisfactory obser-

vation.

Saturn is an evening star, setting on the 1st at Ih.

A.M., with a southern declination of 13^^'^, and an apparent

equatorial diameter of 16j" (the major axis of the ring

system being 41 ' in diameter, and the minor Hf/'). On
the 9th he sets at Oh. 28m. a.m., with a southern declination

of 13° 20', and an apparent equatorial diameter of 16j^".

On the 18th he sets at llh. 49m. p.m., with a southern

declination of 13' 22', and an apparent equatorial diameter

of 161" (the major axis of the ring system being 40r" in

diameter, and the minor 14"). On the 22nd he sets at

llh. 34m. P.M., with a southern declination of 13" 23', and
an apparent equatorial diameter of 10}". On the 29th he

sets at llh. 6m. p.m., with a southern declination of

13° 27', and an apparent equatorial diameter of 18|" (the

major axis of the ring system being 39 V' in diameter, and
the minor 13|").

lapetus is in inferior conjunction on the 1st, and at his

greatest western elongation at 9h. 30m. p.m. on the 21st.

He is almost stationary in Libra throughout the month.
Uranus is an evening star, but owing to his great southern

declination is not well situated for observation. On the

1st he rises at 4h. 2m. p.m., with a southern declination of

17° 41', and an apparent diameter of 3-8". On the 30th
he sets at llh. 2m. p.m., with a southern declination of

17° 37'. He is almost stationary in Libra throughout the

month.
Neptime does not rise till after midnight at the end of

the month.
Shooting stars are fairly numerous in July, but twilight

interferes with observation. There is a well-marked shower
near J Aquarii towards the end of the month, the maximum
being on the 28th. The radiant point is in E.A. 22h. 40m.,

south declination 13°.

The Moon enters her last quarter at Ih. 23m. a.m. on

the 3rd ; is new at 7h. 85m. p.m. on the 10th ; enters her

first quarter at 4h. 4m. p.m. on the 17th ; and is full at

5h. 45m. P.M. on the 24th. She is in apogee at 3h. a.m.

on the 3rd (distance from the Earth, 251,150 miles) ; in

perigee at 6h. p.m. on the 15th (distance from the Earth,

229,200 miles) ; and in apogee at lOh. p.m. on the 30th
(distance from the Earth, 251,280 miles).

(ITi^css Column.
By C. D. LocooK, B.A.Oson.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 10th of each month.

Solution of June Problem.

(A. G. Fellows.)

1. Kt to B6, and mates next move.

Correct Solutions received from Alpha, 3. M. K. Lupton,

G. A. F. (Brentwoocli, Arthur S. Coulter, A. C. Challenger,

W. Willby, W. Y. Popham, H. H. Quilter, H. S. Brandreth,

and .1. T. W. Claridge.

Correct Solutions of May Problems, received too late for

acknowledgment last month, from J. M. K. Lupton and
E. W. Brook.

F. TI'</,/(.— 1. Kt to K4, KtxKt, 2. P to B4 mate, and
other variations ; 2. Kt to B6 mate is threatened.

G. G. Bctidey.—If 1. Kt to Q2, QxB, and there is no
mate.

//. Le Jeune.—Is Kt to B5 a misprint for Kt to B6 ?

A. C. Challenger.—Many thanks. Your compositions are

always welcome.

TI". ,7. Aslidoiiii.—Thanks for your interestu3g communi-
cation printed below.

PKOBLEM.
By A. C. Challenger.

BUCE (6).

White (7).

White compels Black to mate in two moves.

Mr. W. J. Ashdown has sent the following interesting

communication on

THE EIGHT QUEENS PEOBLEM.
The Queens Problem on a board of sixteen squares has

two solutions, namely (using the German notation i,

A2, B4, CI, D3, and A3, Bl, C4, D2. Let diagrams of

these two positions be placed one overlapping the other to

the extent of six squares—that is, with the top left-hand

square of the A3 diagram resting on B2 square of the A2
diagram, being a Knight's move downwards. The three

Queens must be removed where overlapping occurs, and
this is a rule to be observed throughout.

The position now obtained may be placed on an extended
board, the Queens occupying squares B6, Cs, D3, E7, F4,
and within a rectangle of thirty squares. This rectangle

with its five Queens may be called the " initial position,"

as all the solutions of the Eight Queens Problem are

derived from it. Let the board be extended indefinitely

upwards and to the right, and a second " initial position
"

placed upon it, with the corners of the rectangle resting on
squares FIO, F5, JIO, -15, being two Knights' moves to

the right. The two rectangles will then overlap four

squares, and the Queen thereon must be removed. The
four added Queens are at GIO, H.5, 19, ,T(i. This may be
called the " doubled position."

The Queen's stride being limited to seven squares on
the ordinary board, the eighth square in any direction is

" out of range,'' and additio!;al Queens can, therefore, be
placed at .\1, Dll, G2. This at once gives seven solutions

of the problem. Thus, the sixty-four squares, from B9, B2,
to 19. 12, contain the solution a, and the others are :

—

Sixty -four scjuares from .\8 to 111 contain solution /3.

C9 to .12 „ y.
BIO to 13 „ S.

ClltoJ4 „ ?.

Bll to 14 „ ..

„ „ CIO to J3 „ X.

Any arrangement whatever of Queens, where all are
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kept out of each other's range, will possess this property,
namely, that every set of .c' squares within it that includes
.(• Queens will be a solution of the .r {Queens problem

—

where .r equals the number of squares in the side of the
board—but "out of range" will vary according to the
length (.r— 1 ) of the Queen's stride.

Take solution a, and remove the right-hand " initial

position," and notice what sijuares arc available for Queens
in substitution for those thus removed. The only other
vacancies are at H!i and 15, and two Queens there will give
solution fl.

Similarly, solution ^-the left-hand " initial position
"

being removed (restoring the missing Queen at F8)—with
substitutions at C7 and E4, will give solution i).

At first sight there would appear to be no connection
between the symmetrical solution shown on page 24 and
the above. But let one of the " doubled positions" be
superimposed on another, and one of them rotated half-way
round (through 180 ), using the meeting point of D5 and
E4 as centre of rotation. The rule as to omitting all

Queens where overlapping now occurs must be observed,
and the symmetrical solution w will be at once obtained,
being the central part of this position. The reason for the
symmetry is thus ascertained. It is a little curious that if

a board of twenty-live squares, with its unsymmetrical
solution (A3, B5, C2, D4, El), be treated in this way, the
turning point being easily seen, the solution w for a board
of sixty-four squares will be arrived at.

Take this position w (page 24, second column) as a fresh
starting position, and transfer it two S(|uares to the right.

This will throw two Queens off the board, but the one on
the fifth rank comes on again at A.5. The other, in being
brought on to the third rank at H8, pushes HI to Bl (the
only available square), and the solution k is obtained.

Let this solution k be another starting position, and
transfer it three squares upwards and one to the left.

This will throw four Queens oft' the board, but the two now
on the C and F files produced will at once come on again
at CI and F2. The two others, which should come on
again at D3 and H8, find both those squares " covered,"
and have to be satisfied with D8 and H3. This gives the
remaining solution a.

The last five solutions read thus on the ordinary
board :

—

Ul

K

S

The twelve :\bsolutely distinct positions admit of rotation
bringing each of the four sides in turn to the top, and
giving forty-eight changes. There are two repetitions
arising from the symmetrical position, and the number is

reduced to forty-six. All these can be turned over from
right to left, making a total of ninety-two. The number of
distinct ways of actually arranging the Queens so as to

solve the problem oh tlic lioani is twenty-lour, and no one
of these positions can be changed to any other without
moving the Queens to other squares. But from the
twenty-four positions the remainder of the ninety-two can
be obtained by simply turning the board and Queens
en bloc.

The application of the above principles to boards of
other dimensions might produce some interesting results.

Mr. Ashdown sends also an ingenious automatic diagram
for producing positions on a forty-nine-square board. The
height of the diagram is seven squares, but the board is

unlunited in its extension towards the right. Placing
Queens on A7, B3, and H7, and taking these squares as

6
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HYGROSCOPIC SEEDS.

By Rev. Alex. S. Wilsox, M.A., B.Sc.

HYGROSCOPIC movements depend mainly on
changes in the humidity of the atmosphere. Air
of any given temperature is only capable of

absorbing a definite amount of aqueous vapour ;

when that amount is present the air is said to

be saturated, and evaporation ceases. As the temperature

rises in arithmetical progressi'jn, the quantity of vapour
which the air is capable of retaining is found to increase

in a geometrical ratio ; hence evaporation mounts up
rapidly as the temperature rises ; hence, also, when two
saturated currents of different temperatures mingle, they

are no longer able to retain as much vapour as they did

separately, and precipitation consequently occurs in the

liquid form. Barometric pressure also affects evaporation
;

the rate diminishes as the pressure increases. Since these

atmospheric conditions are so liable to change, the

rapidity with which evaporation takes place must be

subject to incessant Huctuation.

As it is the superficial layer alone which furnishes vapour,

the rate at which any body yields up its water to the

atmosphere depends on the extent of surface which it

exposes. The force of adhesion must also be taken into

account. A porous body like charcoal condenses atmo-
spheric vapour even at ordinary temperatures ; deliquescent

salts, too, abstract water from the air. The nature of the

surface exposed to the air is also of importance ; even the

thinnest film of oil or grease prevents, or, at least, greatly

reduces, evaporation. Water holding substances in solution

also evaporates more slowly than when perfectly pure.

These considerations show that the equilibrium of humidity

depends on a number of circumstances which must vary in

different bodies and at different times in the same body.

Organic bodies containing water very commonly increase

or diminish in size as the proportion varies. From their

peculiar structure some tissues retain water tenaciously ;

others readily part with it to the atmosphere. There are,

also, great differences in their powers of reabsorption,

some being unable to recover their lost moisture, even when
it is presented to them in a liquid state, while others

speedily imbibe what they lost in drying. Substances such

as wool, hair, and feathers are extremely sensitive in this

respect, especially if perfectly free from oil or resin ; they

respond to very slight atmospheric changes and are

described as hygroscopic.

Organized structures are rarely, if ever, homogeneous ;

it therefore frequently happens that one part of an organ

contracts or expands more rapidly than the rest. In this

way tensions arise within the

organ causing it to split, or

the organ may alter its shape

and exhibit motion. Hygro-
scopic phenomena are further

complicated on account of

the intricacies of microscopic

structure. A violin string is

rendered slacker if moistened,

whereas a rope tightens. In

the former the molecules of

water are apparently intro-

duced chiefly m the direc-

tion of length ; in vegetable

fibres they go rather to increase

the thickness. The effects of

imbibition are augmented in cellular tissue by endosmose.

As the quantity of fluid contained in a closed cell increases

the elastic cell - membrane becomes distended and the

volume of the cell is enlarged. The range of expansion

arising from turgescence is, however, inconsiderable in com-

parison with the expansion caused by simple imb;bition ;

moreover, turgescence can only occur in closed and thin-

walled cells. The cells of wliich wood is built up have

open pores ; any change of dimensions must therefore be

brought about entirely by imbibition or desiccation taking

place in the perforated cell-walls. In cartilaginous or

coUencbymatous tissues the greatly thickened cell-walls

contain a large proportion of water ; they contract strongly

in drying and swell very much from imbibition.

Of hygroscopic action we have a familiar example in the

warping of unseasoned timber, where the bending is caused

by the younger sap-wood on the one side contracting at a

different rate from the older heart-wood on the other.

Hairs and fibres are especially prone to bend and twist as

they dry. Every angler knows how catgut unbends and

straightens when put into water, .\dvantage is taken of

this property in the simple old-fashioned weather-glass

alluded to in Cowper's lines :

—

Fig. 1.—Spores of Equiset\iin.

1. In dry state. 2. With
Elaters ex|)anded after

moistening (magnified).

" Peace to the artist whose inpeiiions tliouilit

Devised the weiilherhoiise, that useful toy!

Fearh'ss of humid air and gatluriiii! rains,

Forth steps the num."

Good weather is indicated by the appearance of a small

female figure at one door, rain by the figure of a man
coming out at the other. The figures are attached to a
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Fio. 2.—
Fern Spore-

Case, showing
Annulus (en-

larged).

support suspended by a fibre of catgut, wbicli twists and
untwists according to tbe state of tbe atmospbere. The
instrununt is really a hyKrofcope or hygrometer indi-

cating the humidity of the air, and the figures are made to

swing round by hygroscopic action, 'i'he proportion of

moisture present in the atmosphere can bo ascertained
with far greater precision, however, by means of tbe wet-
bull) hydrometer or by Danieli's dewp.iiiit liygrometer.
The dehiscence of seed capsules is brought about by tbe

contraction of their outer walls, and this often takes place
in such a way that the seeds are violently

expelled, as in the ripe pods of the brooin,

vetch, and bird's-foot trefoil. At the
moment of dehiscence each half of the
legume or pod suddenly twists itself, scatter-

ing the seeds with great force. The fruit of

the common dog-violet is of interest ; each
of its three valves, when the fruit opens, has
a double row of seeds. The valves are boat-

shaped ; in drying they contract till the
seeds are so closely jammed in and the
tension becomes so great that the slightest

touch causes them to be shot up into the air.

The seed vessel of Veronica, on the other
hand, remains closed in dry weather, but
opens and discharges its seeds in wet. The
application of moisture also causes the
stellate capsule of Mesembryanthemum to

open up. Instead of opening to allow of the escape of

its seeds, a many-seeded fruit may become broken
up into indebiscent pieces, each containing a single

seed. The fruit of the dead-nettle, called a carcerulus,
splits up in this way into four little nutlets. In some
of the Labiatffi, such as self-heal, FruneJla, the nutlets

are retained within the calyx, which remains closed
while the weather is fine ; rain, however, causes the sepals

to open up and the nutlets are discharged. The fruits of
the Geraniaceff, or cranes'-bills, are also schizocarps, as
these splitting fruits are called. These plants are named
from tbe long beak or carpophore of their peculiar fruit.

To this beak the five one-seeded carpels at first adhere, but
when ripe their basal portions separate from it and curve
upwards. At tbe same moment each carpel splits open
along its inner edge, and by tbe suddenness of tbe move-
ment the seed is projected out to a distance of some feet.

A few species have indebiscent carpels, which themselves
spring away from tbe carpophore. This is what happens
in the stork's-bill, Krodium, a rather common plant

belonging to tbe geranium family. The
fruit of Krodium is, perhaps, tbe most
interesting of all the hygroscopic class.

^^'hen it springs away from the carpophore
in tbe manner just described, the carpel
of Krodium is seen to have a long slender
filament or awn, which is in the act of
curling upon itself. After the carpel
alights its awn continues to curve and
twist for a minute or two, until at last it

acquires a corkscrew form and comes to
rest. As long as tbe awn is kept dry it

does not change, but if moistened with a
drop of water it immediately begins to
straighten out, and in the course of a very
few miuutes becomes quite straight. Two
or three long slender hairs near the base

of the awn keep tbe carpel in position, with its sharp point
directed obliquely into the soil. If now, as in all pro-
bability is the case, the upper extrercity of the awn presses
against some object which affords a point of resistance, the

Fig. 3.—Le-
gume of Bird's-

toot Trefoil alter

dehiscence, show-
ing the twisted
TaiTes.

Fro. 4. -Fruit
of Stork'8 Bill

(A't'odiinn rirtf-

lariiim), the Car-

pels still attaclied

to the Cavpo-
phoro.

moistening, in consequence of the untwisting and elonga-
tion of the awn, forces the point of the carpel down into
tbe earth. Should the soil after a time get dry, the awn
will once more assume its corki-crew condiiinn ; but instead
of the seed being drawn up by this sliortpning of the awn,
the latter is itself drawn down, for the seed holds on and
keeps all it gains, its point being barbed like a harpoon. The
chances are now that the upper extremity of the awn has
been applied to a new point of resistance,

so that the next rain will send the seed
still deeper into the soil, and so on with
every succeeding change of weather. The
awn in some species is feathered at its

extremity, the more certainly to secure

that it shall press against a resisting

object when it begins to unwind. Species

of anemone and clematis have awncd
seeds or achenes capable of burjing them-
selves in this manner. Tbe feather-grass

(Stipii pennatii) has the same peculiarity
;

we have found its seeds stuck deep in the

ground like so many darts. Seeds of this

description , several of which have been used
in the construction of hygroscopes, may
literally be said to screw themselves into

the earth. The grains of the barren oat and some other

grasses have hygroscopic awns by means of which they

move about from place to place. During damp weather a

heap of these grains disperse themselves in a most sur-

prising manner, marching off in various directions like so

many flies. In other cases, as in the common vernal grass

and one or two others, the seed trips about in quite

fantastic style. Many aristate grains and seeds appear,

however, to be adapted for dispersion through animal
agency. Even in such cases the hygroscopic property is

useful ; it enables tbe seed to burrow into fur or wool the

better to ensure its transport. A
remarkable splitting fruit is that

of llurti crepitans, called the
" monkey's dinner-bell" because

its woody carpels when quite dry
separate suddenly with a noise

like the report of a musket. The
common wood-sorrel has the

testa or outer coat of its seed

elastic ; if touched, this suddenly

ruptures, and the core of the seed

is projected to some distance.

The hairy cress [Cunhiminc

liimuta) is a well-known example
of an elastic fruit. If tbe ripe

siliqua be touched, its two valves quickly curl up and the

seeds are shot out all around. The pod of Impatiens, or
" touch-me-not," behaves in the same manner.
A sharp line can hardly be drawn between hygroscopic

movements and those due to turgescence. Of the latter

the squirting cucumber furnishes an illustration. When
the fruit breaks away from its stalk, the seeds, along with

tbe watery contents, are shot out as from a syringe.

Turgescence aids in tbe dispersion of a number of fungi.

The mortar-fungus {S/ih/ernliolus) projects its sporangium
very much in the way a shell is thrown from a mortar.

The globular sporangium retained by the outer membrane
of the peridium is pressed from behind, till tbe tension

suddenly ruptures the membrane and the sporangium is

forcibly expelled. The rose of .Jericho, a small annual
found in sandy places in Syria, has the curious habit of

curling itself up into a ball ; the rootlets become detached

from the dry earth, and the plant is rolled along the

Fio. .5.—Carpel of Erodium.
1. Ury condition. 2. After

moistening.
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ground by the wind. On reaching a moist spot the plant

unfolds, its pods dehisce, and the seeds are sown. From
this remarkable habit Anastatica has been called the

"resurrection plant." Placed in a basin of water it at

once expands. Anastatica belongs to the order Crucifers,

but an Australian grass [Siinpli/iw) and a Brazilian club-

moss possess the same curious wandering habit. From
the examples now given it will be seen how widespread is

the employment of hygroscopic agency throughout the

vegetable kingdom wherever the distribution of seeds or

other reproductive bodies is in question. With the excep-

tion of the wind, no agency is more in requisition for the

dissemination of plant-germs. But notwithstanding this,

hygroscopic agency seems to play only a subordinate ruli-

in the distribution of plants. We have but to consider

how limited is the range of this force to see that the

hygroscopic property is of value chiefly in conjunction

with other and more efficacious agencies.

THE LIME.

By Geo. Paston.

" Jbove wares wide the linden tr^e :

With humming bees the air is thrilled."

Mrs. HowiTT.

THE lime or linden tree (Tilia europcea) deserves to

be held in much respect by all botanists, if for no
other reason than that the great father of botany,
Linnaeus, derived his name from it.

Independent of all associations, however, the
lime is much esteemed for its own sake ; it grows to a
very large, handsome tree, and in favourable situations

lives to an old age. A fine lime has been called " one of
the most imposing specimens of the vegetable

kingdom."
This tree used to be the favourite for

avenues—indeed, there are few old English
parks, or European cities, that cannot boast of

their avenues of limes ; lately, however, it has
fallen into disfavour, either on account of its

shedding its leaves so early in autumn or

because a less formal style of landscape garden-
ing is now the fashion.

The lime is indigenous to the middle ard
north of Europe, and is supposed to have been
introduced to our island by the Piomans. It

is quite common, all the varieties having lorg
since been naturalized. It grows generally

with a straight stem (fluted in old trees), has
smooth bark (Fig. 1) and dense foliage ; it is a

very quick free grower, and stands transplanting

exceedingly well, even when of good size.

The tree grows to a height of from seventy to

one hundred feet with a girth often over twenty
feet, and is less suited to stand the smoke of

towns than the plane, elm. and some others.

The leaves, which usually appear in Jlay,

are heart-shaped, lop-sided, and beautifully

toothed along their margins. The flowers,

small and of a greenish colour, are generally

borne three or four together on a curious leaf-

like bract; they have a sweet perfume and over-

flow with honey. The seeds or fruit succeeding are small
spherical capsules, which, however, seldom ripen in this

country (Fig. 2).

One great peculiarity of the lime is the mass of twigs

or "adventitious" branches which often surround the

bole, and which give the tree a grace and beauty quite its

own. In some avenues these twigs are quite a feature;

in spring their red-tinted points look like bunches of coral,

which give place to the tender green of the opening leaves.

These at this season hang vertically downwards, and are

more gracefully tapered towards the apes than later,

when they increase in breadth. Two other peculiarities

of this tree are the density of its foliage and the immense
quantity of sweet-smelling honey-producing flowers which

it bears ; it consequently receives the industrious attention

of the bee—the honey being of a pale colour and excellent

quality. On the Continent the lime is much grown for its

shade ; indeed, even in this country we know of fewer

greater pleasures than to spend the long hours of a hot

•Inly day reclining in the grateful shade of a large lime,

drinking in the sweet odour and listening to the hum of

the bees sounding though its branches.

In the middle ages " divine honours " were sometimes

paid to this tree. Pliny tells of its "great repute" and
"thousand uses." Shields (more important in those days

than now) made of its wood were said to deaden the blow

of a weapon better than those of any other kind of wood.

The bark was a cimrnon writina; material. Evelyn

mentions that a book written on tbe inner bark of the

lime "was brought to the Count of St. Amant, Governor

of Arras, 1662, for which was given eight thousand ducats

by the Emperor." Alas! there are no such emperors now.

The wood is of a pale yellow or white colour, close

grained, soft, light, and smooth, and not readily attacked

by insects. It cuts with great ease, and admits of much
sharpness in details, and is consequently much used by

the carver.

Many of the fine carvings in Windsor Castle, Trinity

College Library, Cambridge, and Chatsworth House, are

of this wood. It is also tised by cabinet makers, piano

l'"lG. 1.— Dark of the Lime Tree.

makers, and for toys, boxes, and the like. One of the

most important uses of the lime, however, in the North of

Europe is that of supplying material for making ropes and

mats. These mats aremade from the tough but flexible

inner bark or bast of the tree, and are much used in

garden work ; indeed, as many as fourteen million of them.
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each about two yards square, are annually imported into

Great Britain, cliitily from Arcliangd.

Daring the strupj,'los of thi^ Swiss and Flemish to recover

their liberty it was their custom to plant a lime tree on

the field of every battle they had gained. Some of these

Fiti. 2 —Loaves and Seeds of the Lime Tree.

still remain, and have been the subjects of many ballads.

One planted at Fribourg in 1476 was standing in 18131,

and then measured, accordiog to Loudoun, twenty-three
feet nine mches in circumference. Another, near the same
place, supposed to be nearly a thousand years old, has a

trunk thirty-six feet in girth. A famous tree at Neustadt,
in Wiirtemberg, with a stem nine feet in diameter, has given
that town the name of Neustadt an dfr (Jrosscn Linden. At
Eeinhardtsbrun a lime in vigorous health measured, ia

1895, twenty-five feet nine inches five feet from the ground,
and has a clear bole of fifteen feet.

Autumn brings new grace to the lime as the foliage

turns to yellow—in some years clear as the green of spring,

but, alas ! even more fleeting. It is to be regretted that this

tree is one of the first to lose its leaves ; indeed, almost
before we have time to realize our brief summer we see

them begin to fall. In spring or early summer the lime is

at its best, and it is evidently to that time Mrs. Browning
refers when she pays it this graceful tribute :

—

"Here a linden tree stood, briglit'ning

All adown its silver rind
;

For, as some trees draw tlie lightning.

So this tree, unto my mind.
Drew to earth the blessed sunshine
From the sky where it was shrinod."

ENGLISH COINS.-II.

By G. F. Hill, M.A.

THE effect of the Norman Conquest on the
English coinage is almost imperceptible,

and any change that took place was
apparently for the worse. Under William
I. and II. (whose coins have to be dealt

with together, as no satisfactory distinction

between the two monarchs has been arrived at)

the number of types is numerous, and the facing

bust of the king (Fig. 1 : PILLEM REX ANGLOR ;

reverse, man ON CANTVLBI, a Canterbury penny)
now begins to be very common. The silver of

these coins is of about the same fineness as that

of our coins of the present time. From this

time the style of the coinage deteriorates rapidly,

until, under Stephen, it reaches its lowest point.

The coins of this period are, however, interesting

for the reason that, besides Stephen and Matilda,

several other persons who were conspicuous in

these troubled days are represented by coins.

Thus we have coins of P^ustace and William,
sons of Stephen ; of Henry de Blois, Bishop of

Winchester, and Stephen's illegitimate brother

(Fig. 2: HEN [rig] VS EPC ; reverse, [sTEP]
HANVS rex); of Robert, Earl of Gloucester,

the illegitimate son of Henry I. ; and of Roger,
Earl of Warwick.
On his accession Henry If. found the coinage

in a bad state. During his reign some uniformity

was brought into the system, the number of types

being shnplified and a single superintendent being
appointed who was responsible for the whole of

the coinage. In 1180 an important issue took
place, which consisted of what are known as
" short-cross pennies," from the double or voided

cross not reaching to the edge of the coin, which
is the uniform type of the reverse. These coins

all bear Henry's name, although they were in

part issued in the reigns of Richard I. (Fig. 3 :

HENRicvs rex ; reverse, stivene on lvn, a

London penny) and of John. Neither Richard
nor John struck English coins with his own name. The
short-cross pennies lasted until 1217 or 1218, when, to

prevent the too prevalent practice of clipping the coins,

the cross was lengthened. This was not the only innova-

tion made in this reign.

In 1257 an attempt was made to introduce a gold

coinage, which had been inaugurated five years before by
the coming of the first "florin " in Florence. Henry's gold

pennies (each worth twenty silver pennies) were not a

success. They are excessively rare. The probability is

that being of pure gold they were speedily melted down
(Fig. 6: henrig rex III :

reverse, willem on lvnde).
Another innovation was the placing of ill, or terci(us),

after the king's name. Curiously, this very sensible reform

was not followed out by later kings, and the numerals do

not appear again after the king's name until the time of

Henry VII. The only lasting change made by Henry III.

was the introduction of three pellets in the angles of the

cross ; these pellets occur constantly until the time of

Henry VII., and only finally disappear under James I. It

has been suggested that they gave rise to the three balls

adopted by money-lenders as their sign.

The coins of the first three Edwards are difficult to

distinguish. By this time the voided cross has given place
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to the cross pattee, i.e., broadening towards the ends.

(Fig. 4: EDW R ANGL DNS HYB, (V.-., Dominus Hybernije;

reverse, civiTAS dvreme. On this coin the mint-mark, a

small cross moline at the beginning of the legend, is

noticeable as being the sign used by Bishop Beck, who
filled the see of Durham from 1283 to 1810.) Edward I.

and Edward II. limited their actual coinage to the silver

penny and its half and quarter ; but the third king of this

name made a far-reaching change by the introfiuction of a

splendid series of gold coins, as well as by striking four-

penny and twopenry pieces (groats and half-groats) in silver.

In 1353 Edward struck gold florins worth sis shillings,

with half-florins and quarter-florins. These, however,

being valued too high in terms of silver, failed, and were

withdrawn. The " noble," of six shillings and eight pence

(the origin of our lawyer's fee), issued in 1341, was a

greater success, though, perhaps, a less beautiful coin.

Fig. 8 represents the florin, of which only two specimens

are known ; the king is seated, facing, a leopard on each

side of the throne, fleurde-lys strewn over the field. On
the reverse is the motto : mc ('•''•, Jesus) transiens
PER MEOIVM iLLORVM IBAT. The legend (Luke iv. 30i

was supposed to be a charm against thieves, and thus

appropriate to the coinage. The half-florin and quarter-

florin bore heraldic types (a leopard bearing a banner with

the arms of France and England, and a lion standing on a

"cap of maintenance," the field strewn with lys). The
noble is represented by Fig. 9. Here the kin^ is shown in

a ship, with sword and shield bearing the royal arms.

The reverse, hke that of the florin, is purely decorative,

and bears the same motto (wiih or without the addition of

AVTEM after the first word). The origin of the obverse

type is uncertain, the only plausible suggestion being that

it has reference to the naval victory of Sluys, won by the

English four years before these coins were issued. Tlie

half-noble was similar in type to the noble, but the quarter

bore the shield of arms alone ; the half with the motto,

D0M1NE NE IN FVRORE TVO ARGVAS ME, the quarter

with EXALTABITUR IN GLORIA
In 1851 the penny was fixed at eighteen grains, and greats

and half-groats were issued. The groat bore two circles

of inscription on the reverse, the outer containing the

motto, POSVi DEVM ADIVTOREM MEVM, the inner the mint
name (in the case of Fig. 5, civitas LONDON). Before

the Treaty of Bretigny, in 13G0, Edward calls himself

King of France on his coins ; from 18G0 to 1309 he is

Lord of Aquitaine (DNS HYB & AQT. Lord of Ireland and
Aquitaine, on Fig. 5) ; after 13G9, when the treaty was
broken, he again claims the title of King of France. The
half-groats are very similar to the groats, and the pennies

are still of the type introduced by Edward I. The
coinage which was thus established by Edward III.

remained materially unaltered for more than a century,

and his gold coinage was so fine that it was largely

exported abroad. Under the impression that the wealth

of a country was measured by the amount of gold it pos-

sessed, the English legislated time after time against the

exportation of gold coin, but to no effect. Not only were
the coins themselves exported, but imitations of all kinds

were made on the Continent, varying only m legend or in

some small heraldic detail. The next change of importance

in the English coinage was due to Edward IV. In 1405
this king issued a new noble worth ten shillings, and a new
coin worth six shillings and eight pence to fill the place of the

old noble, which had risen in value. These nobles (which
were also called "roy:.ls'' or " ryals ") dilfer from the old

coins in having arose on the side of the ship, and n rose on a

sun in the centre of the reverse ; a banner with E also flies

from the poop of the vessel (Fig. 12). The half-noble is

similar, but the quarter bears on the obverse the shield

alone, with E, a rose, a sun, and a lys around it. The
rose on these coins is, of course, the white rose of Edward's
family, while the sun is explained by the story that before

the battle of Mortimer's Cross, in 14G0, Edward's victory
was portended to him by the appearance in the heavens
of three suns (mock suns?). The angel, or angel-noble,
was so called from the type of the obverse, which was the
archangel Michael subduing Satan (Fig. 7). Oj the
reverse was a ship, carrying a cross between E and a rose,

and on its side a shield. The motto was a lame hexa-
meter: PER CRVCEM TVAM SALVA NOS XPE (i.e., GHRISTE)
REDEMPTOR. The angelet, or half-angel, is similar in

type to the angel itself. As in the case of Edward III.'s

coins, a great number of the coins of Edward IV

,

especially the ryals, circulated and were imitated abroad
;

specimens exist with the countermark of foreign States,
such as Dantzic, upon them.
The accession of the Tudors may be said to mark the

beginning of a new era in the English coinage. The
execution of the pieces is in every way worthy of the
young Renaissance, and the coinage from Henry VII. to

Elizabeth has never been surpassed in England for decora-
tive beauty and magnificence. Henry VII. introduced the
sovereign, so called from the representation of the full-

length figure of the king (Fig. 16). On the reverse were
the royal arms in the centre of the Tudor rose. This fine

piece, which weighed two hundred and forty grains (onr
present sovereign weighs one hundred and twenty-three and
a quarter grains i, was worth twenty shillings of the time,
or two ryals. Henry also issued a ryal from which the
rose was absent on the obverse, while the reverse is fully

occupied by the Tudor rose with a shield bearing three lys

in its centre. In silver, Henry VII. introduced an impor-
tant coin, the shilling, weighing one hundred and forty-four

grains, and equivalent to twelve pennies. On these pieces

(Fig. 10) the number (viior septim) is once more added to

the king's name, and the bust appears in profile, being no
longer a merely conventional representation but a real por-
trait. While most of the pennies are of the usual kind, it is

interesting to note the recurrence on some of them of the
sovereign type. The coinage continued to improve under
Henry VIII. , and coin was stOl exported from England in

large quantities, since gold was rated at a higher value
abroad than in this country. To prevent this it was pro-

claimed in November, 1526, that the sovereign should be
current at twenty-two shillings and six pence, the angel-

noble at seven shillings and six pence, and the other
denominations proportionately. New coins were also issued,

the most interesting being that which was known from its

type (the George and Dragon) as the George noble (Fig. 14).

We have also at this time the new gold denominations of the
crown, of five shillings, and its half, and the quarter-angel.

The silver coinage offers several points of interest. One
of the counts in the indictment against Wolsey was that

"of his pompous and presumptuous mind he hath enter-

prised to join and imprint the cardinal's hat under your
arms m your coin of groats, made at \our city of York,
which like deed hath not yet been seen to have been done
by any subject within your realm before this time." It

should be borne in mind that it had long been the custom
for bishops to place their mark on pennies issued by their

authority (compare No. 4) ; but it would seem that \Volsey

had ventured to place his mark and initials on the larger

coins issued, at 'York, by the king's and not by his own
authority. Several groats and half-groats exist with t w
to right and left of the shield of arms, and the cardinal's

hat beneath it. From the time of Henry Nil I. the shield

in some form or other is present on almost all English
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coins. The cross, which had been the chief feature of the
I'^nglish coinaj^'e since the C'onquest, was lirst omitted on
the shillings of Ilonry YIII.

The interest of Edward VI. 'a coinage lies chiefly in his
silver. In this metal ho issued crowns, half-crowns, and
sixpences. The sixpence, like the shilling, bore a crowned
bust, sometimes in profile to the right, sometimes facing

;

the crown and half-crown bore the king on horseback to

the right. Two great practical improvements in the
English coinage are to bo imputed to Edward VI.—the
introduction of dates and values on the coinage, although
this is limited at first to a few denominations.
We may pass over the coinage of Mary with a mention

of the fact that, after her marriage with Philip II. of

Spain, she struck half-crowns with the head of Thilip on
the reverse, and shillings with her own and Philip's heads
confronted (Fig. 18). This type inspired the well-known
couplet in Iludibras :

"Still ninorous, and foml, niid billing,

Like Philip and Mary ou a shilling."

The coinage of Elizabeth is exceedingly plentiful.

Besides adding some new smaller denominations, she made
various material alterations in the coinage. The nev;

denominations were the threepence, three halfpence, and
three farthings. We illustrate here only the halfpenny
(Fig. 11, with the Tudor portcullis) and farthing (Fig. 13,
with ELIZABETHA R in a monogram, crowned). The most
important innovation of Elizabeth's in the process of
coinage to be chronicled is the introduction of the use of

the mill.

Until the sixteenth century coins had been struck with
a hammer; this slow method was now partly superseded,

at first in Germany, then in other countries, by a machine
put in motion by hydraulic wheels, and hence known as a
mill. The use of the word "milling" to describe the
roughened edge of modern coins is inaccurate, and the
milled coins of Elizabeth and her successors can only be
distinguished from the hammered by the greater neatness
of the workmanship (Fig. 19 is a milled half-sovereign of

Elizabeth). For some reason the new process was only
employed for a limited number of coins, and the hammer
was not finally superseded by the mill until the time of

Charles II. (1G62).

To the time of Henry VIII. the English coinage had
maintained a very high level of purity, which accounts for

the constant exportation of English money to countries

where the coinage had become debased. For the sake of

a little immediate profit, and perhaps to prevent this

constant exportation, Henry issued gold and silver coins

of a base quality, and his example was followed by
Edward VI. and Mary. Elizabeth, however, was wise
enough to see the badness of the system, and called in all

the base coin. She seems, however, to have thought it

good enough for Ireland, for it was passed over to that
country.

The issue of so many small denominations in Elizabeth's
reign is evidence of the general desire for small change.
There exist patterns made under Elizabeth for copper
coins, but it was not until the time of James I. that an
official copper coinage was issued. Meanwhile the want
was partly supplied by the issue of private tokens. These
were given in change, and when, say, twenty-four farthing
tokens of the same kind had been collected, the person
who issued them would redeem them by payment of

sixpence in coin of the realm. A private token coinage
seems to have existed as early as the fifteenth century,
but the nature of the tokens then used is involved in some
obscurity. It is not, in fact, often certain whether the
known leaden pieces of the fifteenth and sixteenth centuries

were tokens or merely counters used for reckoning.
Between 15!)0 and IGOO lUizabeth granted permission to

the city of Bristol to issue city tokens, all private tokens
being called in. A specimen issued early in the seventeenth
century is illustrated here (Fig. 15 : obverse, c B, for

Civitas Bristol ; reverse, the city arms).

The coinage of Scotland, which commenced in the reign
of David I. (at)out 1124), was at first an imitation of the
English coinage. It can hardly be said to have been
important before the time of David II. (l::i2!)-l;J71), who
imitated the gold nobles of I'^dward III., and also issued
groats and half-groats, in addition to the smaller denomina-
tions which had been introduced by his predecessors.

The groat here illustrated (Fig. 17: obverse, david DEI
GRAtia REX SCOTORVM ; reverse, DoniiNus ProTECTOR
Meus & LiBerATOR MeuS ; in inner circle, VILLA EDIN-
BVRGH) was struck at Edinburgh. The stars which here
take the place of the balls in the English coins are

characteristic of Scottish silver coinage from William the
Lion to Robert 11. Like the Continental coinage of these
times, that of Scotland—which was in close relation with
France—was of a very inferior quality, and caused many
complaints in England. The influence of France may also

be seen in the first Scottish gold pieces of an original

character, viz., those issued by Robert III. These are the

St. Andrew crowns or lions, with a crowned shield bearing

a lion rampant on the obverse, and a figure of St. Andrew
on the reverse (Fig. 2-1 : XPC, i.e., Christus, REGNAT XPC
VINCIT XPC iMPerAt). In style and legend these coins

remind us of the French coins of the period. We must
pass over the numerous and various issues of the successors

of Robert III., mentioning only the fine " bonnet-piece "

of James V. (Fig. 20 : reverse, HONOR REGI3 IVDICIVM
DILIGIT), to the time of Mary Queen of Scots, whose
portrait may be seen on thetestoonof 1561 here illustrated

(Fig. 21: reverse, S-LVVM FAC POPVLVM TVVM DOMINE,
arms of France half effaced by those of Scotland), which
was struck after the death of Mary's first husband, Francis.

In spite of the union of the crowns, the coinage of Scotland

remained distinct from that of England until the union
in the reign of Anne.
The Irish coinage may be dismissed very briefly. None

is known between the time of ^Ethelred II. and that of

John, who, both as Governor of the island and as King of

England, struck a series of coins. His regal coins have
triangles on both sides ; on the one containing the bust,

on the other the sun, moon, and stars (Fig. 22 : obverse,

JOHANNES REX ; reverse, ROBERD ON DiVE, a Dublin
penny). More interesting, however, than the coins of

John himself are the silver " Patrick farthings," reading

PATRICIl on one side, and de DVNO or CRAGF on the

other. These were struck at Downpatrick and Carrick-

fergus by the Earl of Ulster and Governor of Ireland,

John de Curcy (whose name occurs on some in place of

the mint name), between 1181 and 1189. The Irish

coinage of Edward IV. was very extensive, but of no
particular interest. The Irish harp first appears on the

coins of Henry VIII., which are of very poor metal.

Elizabeth's Irish silver was also base ; but this ruler intro-

duced a coinage of actual copper pence (Fig. 23 : obverse,

ELIZABETH D' G. AN.' FR ' ET HIBER.' RE , with E R at

the sides of the shield ; reverse, POsVi DEV ADIVTOREM
MEV. , with the harp crowned and date IGOl), and hall-

pence of similar types. No gold was ever struck for

Ireland.

As rulers of various parts of France, the English

sovereigns, from Henry II. to Henry VI., struck con-

siderable series of Anglo-Gallic coins. Among the most
interesting are those issued by Edward the Black Prince,
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one of whose pavilions (struck at Bordeaux) is all that we
have space to illustrate here (Fig. 25 : obverse, EDwardus
PrimOGeNituS REGis ANGUiU priNCepS Aquitani»

;

reverse, DomiNus AdiVTOr & ProTECTOr MEus &. In iPsO
SPerAVIT COR MEVM. Buvdigala-).

APPRECIATION OF MUSICAL PITCH.

By Dr. J. G. McPheesox, F.R.S.E., late Mathnuaticnl
Examiner in the University of St. Andrew.

DR.
McKENDPJCK, the Professor of Physiology in

the University of Glasgow, lately brought before

the Eoyal Society of Edinburgh a remarkable case

of the early appreciation of musical pitch. His
attention was drawn to the wonderfully accurate

ear of John Baptist Toner, a boy of four and a half years

of age. From the photograph shown us we could see that

he was a smart and intelligent boy ; he seems quite healthy

and cheerful. His parents are both young and musical.

His father excels on the organ and piano, and has studied

musical harmony ; his mother sings well, and loves music
;

but no other member of the family, collateral or ancestral,

is known to be of a musical turn of mind.
John used to watch his father playing on the piano, and

when two years of age would by himself finger the keys.

Shortly before Professor McKendrick saw the boy, John had
been told by his father the names of the notes on the piano.

The exact notes left a lasting impression on the boy's

mind. He acquired the names of the white keys in two
or three minutes, and that over the whole keyboard.

Next day he picked up the black keys in the same short

space of time. The impressions seemed photographed on
his memory, for when any note, white or black, was
struck, he would instantly name it, though his back was
turned to the instrument.

Professor McKendrick examined the boy in his father's

house, so as not to disturb him by a change of associations.
!

The professor struck notes here and there on the piano,

when the boy could not see the keyboard, and John named
them as soon as he heard the soimd, without any hesitation

or mistake. Not only so, but when the professor struck

any two notes at random on the keyboard, the boy named !

them accmrately at once. The boy even went the length

of naming three notes when simultaneously struck by the

professor on any part of the keyboard, commencing at the

highest note and coming downwards in the naming of
'

them. The boy's attitude during the experiment was
leaning over the sofa at the other side of the room from
where the piano stood, with his back to the instrument

;

and it was the professor who struck the keys. The piano
was at concert pitch. Dozens of experiments accurately

answered satisfied the professor that the boy had a

remarkably acute ear for appreciating the different notes.

It was the concert pitch notes that were fixed in John's
memory ; for when, on another occasion, he tested the boy's

ear with a set of Koenig's forks, he gave different names to

the notes. These forks are lower than concert pitch, and
the boy would give the name of the note corresponding to

the concert pitch note. When a fork at concert pitch was
struck, the boy would at once name the exact note with
which his ear had been familiar. The notes seemed to be

as accurately marked in his mind as the words of a verse

of poetry. 'The boy accurately named the sounds as they
corresponded to his standard. Thus ho had acquired a

standard of pitch fixed by his father's concert piano, and
he remains true to that standard in all circumstances. If

the professor named a note within the compass of the

child's voice, John at once sang it correctly at concert

pitch, as immediately after tested by striking the corre-

sponding key on the piano.

John was then taken to the house of the professor to

have his skill tested on the piano and organ there. The
Bechstein piano and American organ were both at concert
pitch. The boy was at first a little diverted from the

necessary concentration of mind by the changed associa-

tions ; but after a time he settled down and answered with
perfect accuracy all the notes and groups of two and three

notes simultaneously sounded on these instruments,
although his back was turned to them.

This remarkable case is quite different from the tonic

sol-fa system. In the latter the keynote is given three
times, and the pupil is then expected to sing to words or
to the syllable la any part in a psalm or hymn tune in

the tonic sol-fa notation not seen before ; and many
thousands of children can do this easily. But there the
keynote is given—quite a different test from that given
to John Toner. This boy hid no key or reference note
given to him to guide and steady him in his search after

particular notes. In his case the pitch is appreciated
directly, and where he has had no musical training what-
ever. He had the standard and main key fixed in his mind.
Of course for two years and a half the boy had been fre-

quently touching the keys of the piano and listening to the
corresponding sound ; that was, so far, an education in the
variety of notes. But it was only a short time before the
professor saw him that he was told by his father the names
of the white notes and the black notes. Moreover, the boy
detects the notes within the whole range of the piano.

Professor MoKendrick noticed the peculiarity in the
boy's discrimination of the three notes simultaneously
sounded. John always mentioned first the one highest in

pitch, and he seemed to " feel about," as it were, for the

other notes ; but he invariibly named them accurately

within a quarter of a minute. The severe strain of three

notes told on him, for after a time he would make mistakes,

as if his little brain had not been able to retain the three
impressions with suftioient distinctness to fix them
accurately. When fresh, however, he invariably answered
with correctness. The lowest note of the piano was struck
by the professor and the boy could not name it correctly

;

but it was ascertained that that note was out of tune. The
boy asked his father to name the notes in the same way, and
laughed when mistakes were made, naturally wondering
why his father could not do what to him was so very easy.

Dr. McKendrick directed attention to the importance of

this case in connection with the question of " tonal fusion

and analytic powers." In some cases a quick " ear " can,

after long training, discriminate the several notes struck in

this way, but many skilful musicians are deficient in the

faculty. "One can hardly resist the conclusion," he says,
" that it is a gift dependent on the delicacy of the ear
and the part of the brain that receives auditory impres-
sions, and that each note of a given instrument has, to

such an individual, an undefinable quality or colour by
which it is identified."

Professor Edgren, of Stockholm, gives some remarkable
instances of the marvellous ease with which young children

acquire the discrimination and expression of sounds before

they can speak. ]\eyer brought over a niue-months-old
child which accurately repeated the notes sounded on the
piano. Stumpf's child sang the scales exactly at the age of

fourteen months. The son of a compositor, Dvorak, of

Prague, sang, when only a year old, the •' Fantinitza-

marsch," with its nurse. When eighteen months old it

sang the melodies of its father, which he accompanied on
the piano. But these curious cases are quite different

from the marvellous discrimiration of young John Toner.
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WAVES-VIII.
CAPILLARY WAVES.

(ll'((/i iiifdiiiitilion iijion Breakinij and S]Tiii/in'j, anil upon

the Use of Oil at Sea.)

By Vauoiian Cornish, M.Sc.

A
snip on her course leaves a wave track bpliind,

whilst in front there is scarcely any vifiblo dis-

turbance except the foaming,' surge at the bow.

It is otherwise with a small body moviiifj; slowly

through the water, which niiikos thn principal dis-

turbance in front. If, when walking slowly by the edge of

a pond, one trails his walking stick in the water, little

ship-waves of the familiar pattern follow in its wake, but

in front of the stick there is a novel appearance not seen

with the ship. This is an arrow-head pattern of wavelets

or capillary waves, such as is shown in Fig. 1, the pattern

Fio. 1.—The Wavelet Pattern, after Scott Eussel. (The Section
shows also the Waves on the lee side which are omitted from the Plan.)

moving as a whole through the water, preserving its

position relatively to the stick. The pattern is seen even
better with a fishing line, especially if the line be kept

nearly vertical by a weight ; the ship waves bthind are

not so conspicuous with the smaller body, but the pattern

of wavelets in front is better defined. The appearance is

seen equally well when fishing from a river bank or from a

boat slowly drifting on a smooth sea. All that is neces-

sary is that there should be a slow relative motion of, say,

a half to one mile per hour between the obstacle and the

water ; dozens of ridges can then be counted in front of

the fishing line. When the motion is more rapid the

pattern closes up, and at the same time the angle of the

arrow-head becomes sharper. On slowing down again
the arrow-head flattens out, until at a very slow speed,

about nine inches per second, the obstacle is preceded and
followed by one or two nearly straight parallel ridges

separated by intervals of about two-thirds of an inch.

This phase is difiicult to catch, for if the motion becomes
ever so little slower the ridges vanish altogether, the surface

of the water being smooth and unwrinkled. .\bout nine
inches per second is the lowest velocity possible for a wave

of water, and there is one definite wave-length, about two-
thirds of an inch, corresponding to this speed. As soon,

however, as the speed of the moving body is decreased, two
seta of uiidula'ions of dillereiit wave-length accompany the
body, and it therefore appears that for any speed greater

than nine inches per second there are two wave-lengths,

one greater and one loss than two-thirds of an inch. The
latter are the wavelets or capillary waves (which L ird

Kelvin calls ripples) which form the fore part of the visible

wave pattern of a small moving body. Those furthest in

front are the shortest, the wave-length increasing as

we go backwards through the pattern, 'i'hese wave-
lets which run by capillarity move quicker the shorter

their wave-length. Waves which run by gravitation

move quicker the longer their wave-length. Tlio wave of

minimum velocity is controlled equally by the two forces of

gravitation and capillarity. Wavelets a little shorter are

mainly controlled by capillarity ; waves a little longer are

mainly controlled by gravity ; and if the wave-length is

much shorter or much greater than two-thirds of an inch,

the one or the other force has complete control. Clerk

Maxwell treats the case of a small body moving slowly

through water in the following manner. In front of the

body the relative velocity of the water and the body varies

from V, the velocity of the body, where the fluid is at rest,

to zero at the cutwater, where the fluid is forced to move
with the body. The waves produced by the body roll

away from the cutwater until they reach distances from it

at which the relative velocity of the body and the fluid is

equil to the several velocities corresponding to the wave-
length of the several disturbances. Nearest the body is

the wave of minimum velocity. Now what does theory

indicate that there should be in front of this, where the

relative velocity of the water and the body is greater ?

TIteofeticidly there is a doable series of undulations

—

capillary waves and gravitation waves, the former getting

shorter, the latter getting longer, the further they are in

front of the body. Practicallij we do not notice the gravi-

tation waves in front, because they are too flat, whereas
the little wrinklings of the capillary waves are rendered

conspicuous by the play of light and shadow upon their

steep sides. The wave of minimum velocity diverges least

on either side of the path of the moving body, and at a

distance on either side it is the most conspicuous part of

the pattern. When the body moves quickly, even though
it be small, the amplitude of the disturbances is so much
increased that the gravitation wave nearest the body
becomes steep enough to be conspicuous. This corre-

sponds to the great bow wave of a steamer. Now these

gravitation waves drop their energy behind them, as was
explained in the article upon the force of the waves, so

that the bow wave makes a group of waves behind it, and
these are the waves which follow in the track of the ship

althoiTgh originating in front. Directly in the wake of the

ship or moving body they appear as a procession of waves
following the ship, each keeping its place relatively to the

ship. Their outer border on either side of the ship's path

is a series of short billows, stepped back one behind the

other en echelon, as described in the article upon ship

waves. Each line of the capillary waves, on the contrary,

presents an unbroken front— a continuous arrow-head.

This, I suppose, indicates that the energy of the capillary

waves does not lose itself in the depths of the water,

but keeps in the skin of the liquid : that is to say,

the surface film of capillary thickness. If this be so,

the form of the wave front of the capillary waves

created by a moving body is readily explained. Let us

think for a moment of the pattern formed by the drops

falling from the blade of an oar when swung back slowly
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Fig. i.—The Arrow-Head.

for a stroke. The wavelets from the falling drops ring out
thus (Fig. 2), and the dotted line shows the arrow-head
wave-front which would be produced if the disturbance
were continuous instead of intermittent.

The arrow-head pattern of diminishing wavelets is a
decorative tracery of singular delicacy worth knowing for

its beauty, apart even from its scientific interest. The
pattern can be seen on the

up-stream side of every

pebble which raises a

wave in a brook, and on
the lee side of every small

wave raised by the wind
on a calm sea, or on a

river, lake, or pond. In
front of the breast of a

duck, when swimming
quietly, the broad pattern is visible ; and the little duck-

lings show it almost better, for they cannot swim fast

enough to obliterate the pattern. Those insects from
whose feet the water shrinks so that they stand in

little holes, make an arrow-headed track when they dart

about on the surface of a pond.

Capillary waves are also formed by other means than
those which give the arrow-headed pattern, as, for instance,

when a catspaw of wind suddenly darkens the surface of

still water, covering it with fairly uniform wavelets, the

wrinkled surface smoothing itself once more the moment
the gust has passed.

An exquisitely fine pattern of stationary wavelets is seen

on the water in a finger-glass when the wetted finger is

drawn round the rim so as to cause the glass to vibrate

and emit a musical note. The vibrating prongs of a tuning-

fork in the same way will produce minute wavelets, which
are finer in pattern the higher the note. A special device

for showing capillary waves was recently exhibited by
Professor Boys at the Royal Institution. A circular glass

dish with vertical sides is placed upon a whirling table,

and the surface of the whirling water is touched with the

point of a needle. The arrow-head takes the form shown in

Fig. 3, the wavelets vanishing towards the centre where
the velocity is less

than that of the

slowest wave. Any-
thing which dimin-

ishes the tightness of

the skin of the water

will enable the wave
pattern to extend
nearer to the centre,

for when the surface

is not so taut, less

force is needed to

wrinkle it and the

corresponding velo-

city is less. A little

soap added to the

water has this elt'ect.

The skin of alcohol is

not so tight as the

skin of water, and if the basin be filled with alcohol

instead of water and the vessel be started whirling, the

capillary wave pattern appears sooner than with water,

and the wavelets are longer from crest to crest. The
same is the case with wavelets in mercury, for although
mercury has a tight skin the liquid is so much heavier

than water that the force required to propagate a wave
is provided by a slower motion of the liquid. Capillary

waves on liquid metals such as mercury (or molten alu-

FlG. 3.—The Arrow-IIeacl iu a
Whirling Dish.

minium) are very beautiful owing to the perfection of the

surface reflection.

The force called " capillary," which gives a liquid a tight

skin, requiring an appreciable force to wrinkle or ruffle it,

is due to the strong attraction exercised between the

neighbouring particles of a body, and between those parts

of different bodies which are so close that, to our senses,

they appear in actual contact. At very small distances

attraction can be very much stronger than is accounted

for by the lux of gravitation—the law which states that

attraction is proportional to the square of the nearness.

This law appears to hold good from the greatest distances

down to, say, the hundredth or the thousandth of an inch,

but at much closer quarters the law no longer holds. Not
that any new agency necessarily comes into play, but that

the law of its action is changed. Perhaps, as Lord Kelvin

has pointed out, if we could locate each molecule we
should be able to account for the increased attraction at

close quarters, simply by the arrangement of the discon-

tinuous matter. A spot may be eo hemmed in by the

contiguous molecules that their attraction is far greater

there than that of all the distant parts of the body.,

however large it may be. It is this which constitutes the

strength of materials.

Obviously, the conditions with regard to such short-

distance actions must change abruptly at the surface of a

body. Indeed, the surface of a solid body is the boundary
of a universe, on the two sides of which are two different

laws of being. At present, however, we are concerned with
the surface of a liquid. If Fig. 4 represent a vessel con-

taining a liquid and its own vapour, the horizontal line

representing the sur-

face of separation,

and if we consider

the attractions upon
a particle C of all

other particles which
are very near to it

;

we see, in the first

place, that as there

are fewer particles

above than below
( the vapour being less

dense than the
liquid), it will require

work to carry the

particle C into the

upper part of the

vessel. This is a

familiar fact ; energy

Fio. 4.—The Surface of a Liquid.

of

to

is taken up, -m/., in the form
heat, when a liquid is made to evaporate. Secondly,

pull C down into the depths of the liquid wiU similarly

require the supply of external energy, because the attraction

of all particles below the dotted line is as nothing compared
with the attraction of the neighbouriug particles in the

thin film above the dotted line. On the whole, therefore,

there is a resultant force along the surface of the liquid,

which makes the surface behave something like a stretched

sheet of india-rubber, for it always tries to shrink so as to

make itself as small as possible. It requires force to

wrinkle it because wrinkling increases the extent of

surface ; and, if the compulsion be withdrawn, the crests

fall smartly down, and the troughs jump nimbly up;
inertia carries crest and trough past the middle line,

vibration goes on with diminishing amplitude, and
presently the surface comes to rest. This is the vibration

of a capillary wave, surface tension wave, or ripple.

It is the shrinking of the surface which makes liquids

tend to form spherical drops, the sphere being the figure
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of smallest snrfaco, and therefore tbe proper equilibrium

figure of a liquid. In practice one seldom sees a perfectly

spLcrical drop, because gravitation towards the earth tends

to pull it out of shape, the more so the larger the drop.

Thus a largo hanging drop has the shape shown in Fig. 5

—very much that of an india-

rubber bag filled with water.

If one gently taps a bough
on which the dewdrops hang,

Fig. 5.—a Pendcut Drop. each one trembles, the larger

ones more slowly than the

little ones, for the total shrinking force of the elastic skin

is proportional to the area of the surface ; but the attraction

of the earth depends upon the mass of the drop, which is

proportional to the volume. The quivering of a soap-film

is more quickly brought to rest owing to the deadening
action of the air, which presses upon it from both sides.

The elastic skin which capillarity provides accounts for

the regularly repeating form of a water jet which has
received some slight lateral displacement when issuing

from a nozzle. As Lord Eayloigh points out in describing

his beautiful researches upon liquid jets, the recurrent

form of the jet is due to vibrations of the fluid column
about the figure of equilibrium, superimposed upon a

general progressive motion. Since the phase of vibration

depends upon the time elapsed it is always the same at

the same point in space. The distance between consecutive

corresponding points of the recurrent figure (thr u-arc-leii(jth)

is proportional to the velocity. In fact, tbe recurrent

broadening and narrowing of a jet in which at the outset

some slight lateral disturbance has occurred, is comparable
to the series of stationary crests and hollows to leeward of

an obstacle in a shallow stream, but caused by capillarity,

not by gravity. When a water jet breaks up into drops,

owing to capillarity the drops strike against one another

;

and such is the elasticity of the skin of a water drop that,

instead of amalgamating at collision, the drops Hy apart

almost as if they were billiard balls, and to this is due the
scattering of the jet. Anything which helps the drops to

cohere at collision diminishes the scattering. This is the
effect produced by electrifying the spray, when the drops,

cohering, fall in a steady, rattling shower—like the rain in

a thunderstorm, says Professor Boys, whose " happy
thoughts" flow as readily as those of Mr. Burnand himself.

The pressure of wind and eddy upon either side of the
higher billows in a rising sea causes the tops of the ridges

to burst into spray. The least additional resistance on the

lee side makes these forced waves break more violently, the
masses of broken water which are flung bodily forward being
dangerous to vessels, especially the smaller craft. This
danger may be, to a great extent, avoided by diminishing the
capillary shrinking of the sea's surface by the use of oil.

When a drop of oil is placed upon water there are three

surfaces—the water-air surface, the oil-air surface, and the
oil-water surface. To these three surfaces there correspond
three stretching forces. If no two of these be greater than
the third the oil remains in a lens-shaped drop, as is the
case with the oily drops (which should not occur) upon hot
soup, hot water having a much smaller surface tension

than cold. In the case of cold water the tension of the
water-air surface is groater than the sum of the tensions of

the other two surfaces, and the oil cannot remain in a
thick drop, but is dragged out into an inconceivably thin

film, and spreads with surprising rapidity over a great

space of water. So much of the -jea as is covered with oil

has no longer a powerfully capillary surface, but a feebly

contractile oil surface, and there is no longer the same
liability of breaking and spraying. The waves are as high
as ever, but smoothly crested and comparatively harmless.

Not much oil is required,* for there is no object in having
a tliick film ; half a gallon an hour is said to be suflicient

for a largo ship. It is best applied from a canvas bag
punctured in one or two places and hung over the side.

When lying-to in a heavy sea the bag should be hung jut

to windward. When drifting under shortened sail the oil

may be fed to leeward, so that tbe ship drifts into quiet

water. When a vessel is in tow, oil fed over the stern of

the tu" is very useful in preventing the sea from breaking
against the convoy.
The surface tension and the density of water being

known, the force required to wrinkle the surface can be
calculated. The pressure of the air being known, the

velocity can be calculated which must be given to the

lower layers of the air in order that their motion should
wrinkle the surface, nothing like friction (/.<•., the mutual
engagement of rough surfaces) being supposed to occur.

This requisite wind velocity is calculated by Lord Kelvin
to be 12-8 knots, which, of course, is very much greater

than that which is found by observation to suffice for

rippling the surface of the sea. It appears, therefore, that

a part of the work of raising waves is due to something of

the nature of friction. This fluid friction is supposed to

be due to diftusiou. When air and water are in contact,

air is always dissolving in water and water is always
evaporating into air. In a closed vessel the water soon
saturates the air-space with moisture, and the water soon
absorbs as much air as it can hold. This does not mean,
however, that nothing goes on afterwards ; there is a
continual interchange, but evaporation and absorption

proceeding at equal rates no further change is observable.

So it is with the air and the sea : molecules of the gases of

air are continually dashing into the water and remain
there—for a time at least—and molecules of water are

continually flying up into the air. When the air is

blowing strongly over the surface of the water each
particle of air as it dashes into the sea helps to impel the

water forward ; the driving wind not only presses forcibly

upon the water but drags at it almost as a harrow, digging

with its teeth, scratches the soil along.

AN EXPEDITION TO DISCOVER HOW CORAL
ISLANDS GROW.

By E. W. Richardson.

FIFTEEN years ago Darwin, finding surface investi-

gation and dredging insufficient to determine with

certainty the origin and genesis of coral atolls,

expressed in a letter to Alexander Agassiz the

wish that some rich man would have borings

made in some of the Pacific and Indian atolls, and bring

home cores from a depth of five hundred or six hundred
feet for examination. For nine years this idea lay dormant
in the minds of scientific men, but six years ago it took

shape, and a committee of leading geologists and biologists

was formed by the British Association to carry it out.

Professor Bonney was appointed chairman and Professor

Sollas secretary to this committee. The British Asso-

ciation appealed to the Royal Society, which readily

supported the scheme. A large sum was voted from the

Government Grant Committee, and another by the Royal

Society from its own funds. Professor Anderson Stuart,

of Sydney, N.S.W., has given great help, and it was
through his efforts that the Colonial Government was

* A shoal of sprats makes a smooth patch of oily water which tells

the fishermen of their whereabouts.
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induced to lend drill and steam plant to the value of

two thousand five hundred pounds. The New South
Wales Government also supplied skilled workmen, and
contributes towards the wages of those in charge of the

machinery.

After some five years' preliminary preparation and hard
organizing work, an expedition to carry out Darwin's wish,

and to discover by boring the origin of a coral atoll, was
formed. The expedition is in charge of Professor Sollas,

who is well known as having devoted special attention to

coral formations. The other members of the expedition

are Mr. John Stanley Gardiner, B.A., whose work as a

biologist is considered of great promise, and Mr. Charles

Hedley, of the Austrahan Museum, who, besides being a

naturalist, is an artist, and will make all the drawings and
sketches for the expedition.

The Government have placed H.M.S. Penijuin at the

disposal of the expedition, for the purpose of carrying the

jn'monncl and plant from Sydney to the scene of opera-

tions and back. The remjuin started on May 1st, and
next month will probably be bringing the members of the

expedition back. The island chosen for investigation is

Funafuti, the largest isle of the atoll of that name, which
forms one of the group of the Ellice Islands. These coral

isles are situated in latitude 9^ south, longitude \%(f, and
almost due north of Fiji. Funafuti is a typical atoll, being

a chain of thirty-five islets encircling a large central lagoon

about ten miles long by five wide. The chief island

—

and that on which the expedition is located—is about four

miles long by half a mile wide, and it is nowhere higher

than from eight to nine feet above the sea level. The
island, which is under British protection, is covered with

cocoanut trees, and supports a peaceful population of four

hundred natives, nominally Christian.

Professor Sollas' instructions are simplicity itself; he is

" to investigate a coral reef by sounding and boring," and
is to do so with a mind quite unbiassed as to the various

rival theories of coral-reef formation. The drill which
does the boring is faced with black diamonds, which will

cut through anything. The diameter of the drill is four

inches. Seeing that the coral polype has never been
recorded as living at a greater depth than ninety feet, it

will only be necessary to bore to a depth of six hundred
feet, and if that depth be reached the chief object of the

expedition wiU have been attained. At the same time it

is an open secret that Professor Sollas intends to go as far

down as one thousand feet, if possible, and thus solve

beyond a doubt the point to be cleared up.

Sc(cn« Notts.

Mr. T. EuDniiiAN Johnston has projected a most
interesting and instructive aid to the study of geography

in the shape of a huge terrestrial globe, having a diameter

of eighty-four feet, and showing the earth's surface on a

scale of about eight miles to the inch. Every geographical

feature of any importance will be found on the proposed

globe, several sections of which have been already con-

structed under Mr. Johnston's patent, and these may be

seen at 21, Pall Mall.

A correspondent writes : "I have hoard that the

' perch ' land measure of sixteen and a half feet, derived

from pirtiia iLat.), 'a rod,' had its origin in the long

goads usfd in former times to goad on the ploughing

oxen, which subsequently came to be used as land

measures. Can any of your readers inform me if there is

good authority for this statement?"

From investigating the cases in which death caused by
electricity has occurred, whether by the accidental passage
through the body of a powerful current used in industrial

processes, or by the designed passage in cases of execution

by electricity, the conclusion is reached that usually death
by electricity is due to the excitement of the nervous
centres, producing stoppage of respiration and syncope.

Browu-Sequard and D'Arsonval are of this opinion. In
many cases where artificial respiration is employed, a man
apparently killed by electricity or lightning can be resus-

citated. A man struck by lightning should be treated like

one apparently drowned.

Not((ts of ISoolts.

Mar.'i. By Percival Lowell. (Longmans.) 123. 6d. "A
steady atmosphere is essential to the study of planetary
detail, sizeof instrument being a secondary matter." So Mr.
Lowell begins his book. " With regard to work on the
planets, the important point about an observatory is not
so much what is its lens as what is its location." These
are his closing words, and it is to his reaUzation in his

observing station of the condition which he presents in

these two sentences, coupled with the steady determination
to study Mars as long and as continuously as it was
possible, that won him the remarkable success which he
has recorded in tlie most interesting and striking volume
now before us.

Mr. Lowell's " Mars " marks an epoch in the study of
our planetary neighbour. There can be no doubt of that.

As certainly as Mr. Green's true and beautiful designs, in

1877, established a record then, not since surpassed in

their own line—as certainly as the discovery of the canal
system by Prof. Schiaparelli marked a little later a new
period—so Mr. Lowell's work advances us farther still ; and
the marvellous, the almost incredible result is presented to

us that, from actual observation of a planet some forty or
fifty millions of miles away, we have a strong prim't f,tcie

case made out for the recognition of the actual handiwork
of intelligent beings. Of mere speculation and surmise we
have, of course, had, in the past, volumes by the score.

This is different. It would, of course, be absurd to speak
as if Mr. Lowell's presentment of his case amounted to a
mathematical proof ; that cannot be expected. But he
certainly makes it what we may fairly term "reasonably
probable ' that in the " canals " of Mars we have the
evidence of the work of skilled and trained intelligences

—

of engineers and mathematicians, in fact—and it is not
too much to say that this is an achievement of the most
astonishing kind.

The book is written in a style both bright and clear, and
we feel sure that our readers will be grateful for being
induced to read it. To our own mind the most valuable
part is the clear demonstration of the progress of the
eft'ects of season on Mars. In the chapter on "Atmosphere,"
however, a reliance is placed on diiierences of measure-
ments of diameter of too minute a character to merit much
confidence until very fully confirmed by independent
observations in other opposition?. But, as a whole, the

book stands as a remarkable record of a most successful

attempt to extend our exploration of Mars.

British Sea Birds. By Charles Dixon. (Bliss, Sands,
& Foster.) Illustrated. 10s. Gil. Mr. Dixon is an energetic

and constant writer on oiniiholo<^'y. Tlie subject of this

volume has so often, and especially of late, been discu-<sed

and written about, that there really seems nothing fresh

to say. Indeed, it is difficult to find a use for this book.
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It is not arranged in a way to be of any use as a book of

reference, and is scarcely popular enough to be of general

interest. We must therefore take it as a book merely of

passing interest to bird lovers, and as this it makes very

pleasant reading, and brings back to our minds many a

day spent with the birds and the sea.

James Clrrh- Maxitrtl iiml Moilern P/ii/.s/cv. By K. T.

Glazebrook, F.R.S. (Cassell.) " Century Science Scries."

Ss. fid. Mr. Gla/ebrook, in his preface to this short

memoir of Clerk Maxwell and his work, expresses the fear

that his attempt to explain to non-mathematical readers

the problems attacked by the great investigator, " without
the aid of symbols is almost foredoomed to failure." In
this we cannot agree ; for it is by no means impossible,

while avoiding the exact reasoning expressible only by
mathematical symbols, to

describe in words at least the

nature of the problems at-

tacked, and the conclusions

to which they lead. Unfortu-
nately, this attempt has some-
what overtaxed Mr. Cllaze-

brook's skill. The earlier part

of the book, dealing with the
life of Clerk Maxwell, is

brightly written and intensely

interesting. The anxiety of

the child to know the " par-

ticular go " of everything
around him made his

manner somewhat eccentric,

and gained for him among
his schoolfellows the nick-

name "Dafty." This eccen-

tricity developed later into a

genius for mathematics, in

which study Clerk Maxwell
easily eclipsed all his school-

fellows. And in 1846, when
he was barely fifteen years of

age, his genius was displayed

in a communication to the

Royal Society of Edinburgh,
" On the Description of Oval

Curves, and those having a

Plurality of Foci." It is in-

teresting to observe that

mathematical ability, like

musical genius, is almost

always of early development.

It was thus with Lord Kelvin, whose jubilee has just

been celebrated.

An unfortunate misprint occurs over and over again in

Mr. Glazebrook's book, wherever the ratio of the specific

heats of gases is touched on. It is when the number 1-33

is given as the theoretical ratio between the specific heat
of an ideal gas at constant volume and at constant pressure,

instead of the correct number, 1-66. And this misprint

has the result of rendering obscure the whole explanation

of Clerk Maxwell's reasoning. It is especially to be
regretted that confusion is thus introduced into a

subject which it is most difficult to expound in popular
language.

Clerk Maxwell must have been an ideal teacher for those

who possessed the will and the power to learn. The secret

of the success in teaching at Cambridge is contained in a

sentence of his introductory lecture :
" The student who

uses home-made apparatus, which is always going wrong,
often learns more than one who has the use of carefully

_/. ^2h/C rlu«ui^lL

adjusted instruments, to which he is apt to trust, and
which ho dares not take to pieces."

The biographical part of Mr. Glazebrook's book ends
with chapter vi., and chapters vii. to x. are devoted to

an exposition of Maxwell's researches. The account of

his experiments on vision is clear and essentially accurate
;

but it is unfortunately otherwise with his account of

Maxwell's share in the development of the kinetic theory
of gases. For example, while the conclusion is correctly

drawn that the specific heats of all gases are inversely

proportional to their densities, Mr. Glazebrook adds

:

" This is the law discovered experimentally by Dulong and
Petit to be approximately true of a large number of sub-

stances." To anyone who knows the subject, Mr. Glaze-

brook's meaning, though obscurely expressed, is clear

enough. lie would say that

the specific heats of elements

are inversely proportional to

their atomic weights, and
that these may be taken

(though with many excep-

tions) as proportional to the

densities of the elements in

the gaseous state. But, as it

stands, a much fuller explana-

tion is required to make the

passage intelligible. The
account of Prof. Bolzmann's
theorem of degrees of freedom

,

on page 139, is quite un-

intelligible ; nevertheless it is

not impossible to express its

main features in popular

language.

It is very difficult, too, to

derive any clear idea of Clerk

Maxwell's theories of elec-

tricity and magnetism from
Mr. Glazebrook's words ; and
yet the main features might
have been expressed so as to

be understood partially by
the half-scientific public.

It is with regret that we
write in this deprecatory vein,

for the task which Mr. Glaze-

brook has set himself is a

Fi'om James Chrk Ma.virell idkI Mudeni P//i/sics.
praiseworthy one, and it is

a pity that his book cannot
be unreservedly praised.

Artistic anil Scientific Taxiclcrmi/ ami j\lodcllin(i. By
Montagu Browne, F.G.S., F.Z.S. (A. & C. Black,)

Illustrated. 21s. Some years ago Mr. P.rowne brought
out a very useful book on the subject dealt with in the

present volume, which is, however, much more advanced
and elaborate. With this book in his possession the

collector should be able to preserve and mount, either

artistically or scientifically, any specimen which he may
possess or obtain. Mr. Browne treats, in the most clear

and practical way, of the ways of collecting, skinning,

preserving, modellin.f;, casting, mounting, and grouping of

mammals, birds, insects, fish, and reptiles, and of the tools

and preservatives most useful for these purposes, besides

the methods of modelUng and casting of rocks, trees, and
flowers. When we add that the author has had long

personal experience as curator of a large museum, we are

sure that no further commendation on our part is needed.

That this is the best and most useful book on the subject

ever published is undeniable.
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statements of correspondents.]

TIDAL WAVES AXD THEIR CAUSE.

To the Editors of Knowledge.

Sirs,—I have long been of the opinion, so well expressed

by Mr. Woblwill in the .July Number of Knowledge, that

the usual explanation given of the coincident occurrence

of high water at the antipodes is unsatisfactory.

Could not a theory of the tides be formulated more in

accordance with the facts and known dynamical laws ? In

the received theory our earth's solid nucleus is supposed
to be completely submerged beneath an exaggerated ideal

ocean, in which a tidal wave is supposed to follow con-

tinuously in the walie of the moon, without any interruption

whatever, this again being followed by another tidal wave
in the same hypothetical universal ocean at the antipodes,

the two waves always occupying the same relative position

to each other and to the moon, and consequently com-
pletely and continuously circumnavigating the globe as

our satellite apparently does from east to west.

But what are the actual facts ? The terrestrial waters
only partially cover the solid earth, and are irregularly

divided by the two principal masses of the dry land—the

continents of the Old and New Worlds—which extend
north and south of the Equator almost to the l'ole3, so as

to effectually act as two great barriers to the continuous
movement of any tidal wave from east to west in the wake
of the moon. The general effect of this alternate exposure
of continent and ocean to lunar influence is that vibratory

motion of the latter characteristic of the tides, each

antipodal oceanic basin oscillating backwards and forwards

twice during the time that the moon makes a single un-

interrupted apparent revolution roimd the earth. The
real tide caused by the moon is the primary wave that

immediately follows that body. This wave, being unable

to follow the moon in her entire circuit, ebbs and again

flows back upon the terrestrial barriers before-named,

which stretch north and south of the Equator, as a

secondary tide, whilst the moon pursues her course beneath

the horizon. It is easy to see that a primary wave in the

Atlantic will flow in the same direction as a secondary

wave in the Pacific, and vice rer^.l, so that we may some-

times get a simultaneous production of high water at the

antipodes as the efiect of the general arrangement of the

great continents and oceans.

In a brief letter like this it is, of course, only possible to

deal with the problem in a very crude and imperfect

manner. But I am certain that if the geographical

relations of land and water were to be taken into con-

sideration instead of being totaUy ignored, a much more
correct theory of the mechanism of the tides than the

one at present accepted could be constructed upon sound

dynamical principles.

Halifax. H. .\. Cookson.

P.S.—Sir R. Ball, in his work on " Tune and Tide,"

tells us that it is still " a moot point whether high water

or low water should be represented beneath the moon,
supposing the ocean to be vibrating with ideal tides"

—

which is equivalent to admitting that the theory is very

far from being a complete solution of the problem. Mr.

Proctor goes even further, and says that " the theory of the

tides remains yet to be satisfactorily established ;

'" and
' that "although the received theory explains the statical

equilibrium of a tidal wave, the dynamical conditions of

the problem cannot be thus explained."

.H

To the Editors of Knowledge.

Sirs,—I cannot altogether follow Mr. Wohlwill's argu-

ment in the July Number, but I agree with him that

Mr. Cornish is inaccurate.

The usual popular explanation that has been handed on

from book to book for several generations is to the effect

that the moon draws up the water into a heap on the side

of the earth nearest to itself, while it pulls the earth away
from under the water on the remote side of the earth.

On this hypothesis the sheer direct liftin-i power of the

moon causes the tides to arise, and their position woidd be

such that the two opposite high tides would be always in a

line with the moon if there were no land to interfere with

the free motion of the water. Mr. Cornish seems to have

accepted this theory almost in its entirety.

Now, from the mathematical theory of the tides (.«•(•

Airey, Brinkley, Abbot, etc.) we learn that they are pro-

duced solely by the taniifntial action of the moon, /.<•,,

tangentialiy to the earth. This consists in an acceleration

(or retardation) of the rotation of the watery shell of the

earth acting through alternate quadrants, as the earth,

with its oceans, rotates under the moon. Farther, it is

demonstrated that theoretically (/.-., if there were no

obstructing continents) /<>"• imt' r would be found almost

directly in a line with the moon at any given moment.
The whole subject of tide-production is an abstruse one,

requiring the higher mathematics for its investigation,

and is really incapable, apparently, of being described in

homely language. But this does not warrant the use of

simple language, if it is to be done at the cost of sheer

misstatements of scientific truths.
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There would surely be a j^reat future for the man who
•will discover a liatidy. accurate, and intolligiblo account
of the cause of the tides without using mathematical
phraseology

!

(Kev.) C. RoniNsoN, B.A.
AVillow Road, Birmingham,

July 1st, lH9(i.

[Pace Mr. Wohlwill and Mr. Robinson, I did not say,

either that the earth is pulled away from its crhit or

that the raising of the water is due to a direct lifting

power.—V.C.]

To the Editors of Knowledge.

Sirs,—The subject which is mentioned in the corre-

spondence of the July Number of KNowLEniiis, the formation
of the ocean tides, is one on which we of the general
public are sadly in need of fresh instruction and guidance.

I have endeavoured, by looking up author after author of

those within my reach, to obtain an authoritative ex-

planation of the manner in which the great tides

are produced ; but I find them discordant one with
another, and unsatisfactory or insufficient in themselves.
Each explanation is based on one or more of the following

ideas or theories, of which the most prevalent is the
first one ;

—

(1) The suction theory. According to it, the moon
(and the sun, but for brevity sake I will omit it),

having more power over the waters nearest her than over
the earth as a whole, draws them up—sucks them up in

fact— into a heap under her ; the action is described as
direct, and is referred to as natural and requiring no
elucidation. The authors would seem to have gone back
to the old times when we all believed that the " sucker

"

in the pump drew the water up ; and they fail to see that
the tidal power of the moon, being almost infinitesimal

compared to the earth's gravity force, could raise towards
herself in direct opposition to gravity neither a particle

of water, nor a grain of sand, nor any portion of matter,
small or large.

(2) Closely connected with the "suction" is the
" slip " theory. It is used to account for the secondary
tide ; the solid earth is said to be drawn away from the
waters on the side farthest from the moon, and in fact to

slip through the water moonwards, leaving a bulge of the
ocean behind it. Unfortunately for the theory, the solid

earth and the water are held together by a bond many
million times stronger than the power which the moon
can exert to separate them.

(3) One of my authors rests the explanation solely on
the '• weight " theory. The difi'erence of the moon's attrac-

tion on the various parts of the water tends to separate
them in the larger portions of the sphere, and to compact
them at the quadratures ; that tendency asserts itself by
change of weight in the water, which results, through
gravity, in rising and sinking, i.e., in the tide bulges and
depressions.

Two other writers eke out the " suction " by the
" weight" theory, and one uses the latter idea as if he
believed that light bodies have in themselves a power of
ascension. None of them descend to the application of
the idea ; if they did they would readily perceive its

inadequacy to do more than to help slightly the formation
of the tide bulges. Our oceans are but a few miles in depth,
but, in order to account for a rise of only three feet in
their height, a depth of water of between three thousand
and four thousand miles would be required.

(ll One— perhaps the greatest of my " authorities "

—

treats the tides as a case of " perturbation," similar to that

to which heavenly bodies, such as the moon and the earth,

are subject in their revolutions. Hut, however true that
idea may be in tlio result, it is impossible to identity the

course of action of the ocean, tied down as it is by gravity

to the earth, with that of bodies moving freely in space.

(5) A great encyclopaedia describes the force originating

the phenomenon, but stops short cautiously at its tewleneirs,

and omits to trace for us the course of its action, saying,
" Thus wo see that the tidal forces tend to pull the water
towards and away from the moon, and to depress the water
at riglit angles to that direction."

I note that most of the authorities recognize the existence

of nothing but "force" in the case; that is to say, an
agency like gravity, acting on each molecule of matter.

The molar result of the action of " force " on matter,
namely, " pressure," is considered only in one of its

manifestations, "weight." The idea that the " tidal forces
"

of the moon acting on the water might produce " pressure
"

in a direction other than the vertical, does not seem to

have been taken up by them. They have set themselves
the difficult task of explaining to us the action of " force"

on water without the aid of hydrostatics. J. Creagh.

BILLOWS.

To the Editors of Knowledge,

Sirs,—From my earliest childhood I have always
observed the rhythmic succession of maximum developed

waves, with intervals of quiescent water, which I always
attributed to the rhythmic gusts in light blows, and to the

rhythmic paroxysms of violence always observable in heavy
gales.

I have ever been impressed, daring storms, with the

regularity of this motion in heavy rolling, and have often

taken its time, which I always find to be every twenty
minutes—that is, three times in every hour ; this rhythmic
oscillation, with some five, six, or seven seas, then easy
steaming. Some call these largest waves " tenth waves,"
but they are nearer " fiftieth" in such gales.

When the sea rises in tempests, and the exits leading

out on deck have to be battened down, the passenger

vouchsafed on deck by the captain imagines that the

waves are the highest possible ; but they are only the

highest at that particular time and phase in that par-

ticidar storm. So the gallant Scoresby thought when he
measured what he believed to be the highest billows.

My good friend Captain Atkin, of the Cunard Steamship
Company, related his experiences in the heaviest hurricane

which he ever met on the North Atlantic some five winters

ago, the like of which he does not desire ever again to run

into. From his bridge—a coign of vantage not possessed

in Scoresby's time—with the steamer in the trough of the

sea, he observed the crests of the tremendous surges con-

siderably higher than the top of the funnel, and but little

below the masthead. Again, a well-posted American sea

captain, lately returned from a passage around the Cape
of Good Hope, using Dr. Scoresby's method, measured
mountainous billows of the type of Mr. Daniell's realistic

and ideal picturing on page 1G4 of your last issue, on the

South Atlantic, from fifty-eight feet up to seventy-two

from trough to crest; but he did not get the distance

from crest to crest, or their velocity. H. P. Curtis.

SEA .sicivNKSS.

To the Editors of Knowledge.

Sirs,—I followed Mr. Moy's advice recently, and secured

a berth lin^itliwise of the sttauier, whereon I lay carefully

on my left side, with my head towards the engine room.

The cabin was amidship, and the engine room aft, so my
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bead was towards the stern. I was dreadfully ill that
journey.

Returning next day by another steamer I again followed
the directions, but on this occasion the cabin was aft and
the engine room amidship, so my bead was towards the
bow. This time I was much better, but there was very
little sea on.

As engine rooms vary in position they are no guide, and
I want to know which way of the ship is the right one.

A Landsman.

[We have shown our correspondent's letter to Mr. Moy,
who says that "A Landsman" appears to prove the
correctness of his theory and experiment, which, in Mr.
Moy's case, was tried on a paddle steamer, in which the

engines and boilers were amidships, and the position of

the centre of gravity was therefore clearly amidships. In
"A Landsman's" first experiment he appears to have been
on a screw steamer, with the engine room well aft. If

loaded, the centre of gravity would be a little abaft the

centre of the vessel, and the position of his berth would
render inoperative the effect arising from longitudinal

oscillation ; a berth much further forward would have
efiected his purpose.

—

Eds. K.]

NOTE ON A PHOTOGRAPH OF THE NEBULA
M 8 IN SAGITTARIUS.

By Prof. Kavasjee D. Naegajh-.ala, M.A., F.R.A.S.

THIS nebula was very carefully examined by Sir

•John Herschel in the years 1836 and 1837, during
his voluntary exile at the Cape of Good Hope. It

has been fully described on pages 14-16 of the

Cape Obsen-'itions, and a half-page drawing of it

has been assigned the place of honour in the plates.

bir John Herschel describes it in the following words :

—

" Its brighter portion may be described as consisting of

three pretty distinct streaks or masses of nebula of a milky

or resolvable character, arched together at their northern
extremities so as to form some resemblance to the arches

of an italic letter m very obliquely written, and this is the

aspect under which it strikes the eye on a cursory view.

On closer attention these streaks are seen to be connected

and run into each other below (or to the south) by branches
and projections of fainter light, and to form three distinct

basins, insulating oval spaces—one entirely, the others

comparatively dark. Northwards, a great effusion of faint

nebula runs out, insulating a larger and more Ul-defined

basin of great extent and irregular form, which in some
measure communicates with the best defined and darker

of the three oval spaces already spoken of."

The stars, both of M 8 proper and of the cluster h 3725
just following it, arc involved in the nebula, and Herschel
has counted and assigned places to one hundred and eighty-

six stirs, ranging in maguitudo from six to sixteen, in the

region involved. Almost every one of these stars can be

recognized on the photograph taken with an exposure of

two hours forty minutes.

The nebulosity, however, impressed on the plate is much
more extensive than that portrayed by Herschel, and the

star 7 Sagittarii, showu as being absolutely free from any
nebulosity in the drawing, is distinctly surrounded by
nebulous matter in the photograph. This difference in

visually recognizing the extent of the lu'liulous matter may
very likely be due not only to the continuous action of the

photographic plate, but also to the diH'orence in the focal

ratios of the two instruments employed. Kir J. Herschera
reflector was of eighteen and a quarter inches diameter and

twenty feet focus, giving a focal ratio of a little over 1:13,
while the focal ratio of the reflector employed for photo-
graphing was only 1:7-4.

An exposure of about four hours, in my opinion, would
involve 7 Sagittarii in the same common nebulous envelope
as M 8 and h 3725. This view is further supported by
a photograph taken with one hour's exposure with an old
portrait combination by Ross of two and a quarter inches
diameter and about seven inches back-focus, in which the
nebulosity completely extends right beyond 7 Sagittarii.

But the chief point of interest centres in the nucleus of
the nebula, which, in the words of Herschel, " is decidedly
not stellar, and resembling much more that of the nebula
in Andromeda than any other I (Herschel) can call to
mind as a term of comparison." Piesumably, therefore,
he had most carefully observed this nucleus, and delmeated
it faithfully with his great skill. In the drawing the
nucleus is shown decidedly concave towards the folloicing

side, but it is as much clearly convex in the photograph.
The photograph taken with an exposure of two hours

forty minutes has the stellar images not quite circular;
but another, taken with an exposure of one hour thirty
minutes, has stellar discs much more perfect, and on it,

too, the nucleus is distinctly convex towards the folloicing

side. The photographs are mainly in agreement with
Herschel's drawing ; but to what cause could be assigned
this gross discrepancy in the form of the nucleus is a
question on which I cannot presume to enter.

The photographs were taken in the principal focus of a
sixteen and a half inches reflector, of one hundred and
twenty-two inches focal length.

STOCK-TAKING OF THE VARIABLE STARS.

By Lieut.-Colonel E. E. Markwick, F.R.A.S.

THE advance in the discoveries of variable stars, both
by photographyand direct observation , is proceeding

so rapidly that it seems desirable to take stock
or count of those very interesting bodies and see

bow we stand at present. It is evident that the
theory or theories of the variable stars must hold an
important place in the larger theory of the universe. If

we can interpret correctly what is going on in a star or
sun, this wUl be the key to similar phenomena occurring
in countless other suns ; and hence we are gaining an
insight into a part, and an important pai-t, of the interior

economy of the universe of worlds.

This was not so in the past. The variable stars (there
being then comparatively few known) were looked upon
rather as peculiar cases or exceptions, the great multitude
of stars being regarded as absolutely unchangeable. But
now the number of the variables is so considerable, and
the phenomena connected with them, as shown by the

spectroscope, are so extremely complicated, that the

attention of astronomers is being more and more directed

to them.
Some years ago Dr. Gould announced his opinion that

" a very large proportion of the fixed stars exhibit fluctua-

tions of brightness"; and although at present, either with
photometers or photography, regular variation of less

than half a magnitude is exceedingly difficult to prove,

still the progress of the optical and mcchinical arts may
in the future give us the means of detecting with certainty

variation so smill as the one-tenth of a magnitude.
The study of variable stars, m the matter of variation

of light only, does not, like other branches of astronomy,
require very elaborate apparatus to detect variation of
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half a magnitudo or over. For the brighter stars it would
seem that the uuassisted eye is still the best photometer.
Then from the iifth to the seventh ma^'iiiUide the
binocular or field-glass is a very excellent means of
research, while for stars below the seventh magnitude the
telescope must be called into use.

Hence this is a study peculiarly applicable to amateurs,
many of whom take it up to become practically professional
observers. This has bi'en especially the case in America.
The writer can speak to the enjoyment and pleasure
obtained in such observations, for he has devoted his

leisure hours to the variables for the past eleven years.
A photometer provides the means of bringing the images

of two stars close together for study and comparison ; but
the naked eye can do this by a slight movement of the
observer's head without the intervention of any lenses or
prisms whatever. Again, the binocular commands a large
field, and one or more comparison stars are generally in-

cluded in it ; but it also can, if necessary, be swiftly shifted

a few degrees right or left, up or down, and a good estimate
of relative brightness of two stars formed. In the telescope

we are of necessity tied down to one field alone, and for

the brighter stages of a variable star it is not always
possible to include in it a suitable comparison star.

The meridian photometer of Pickering is of course,

theoretically, a more accurate method of comparing the
light of two stars ; and so should photography be also.

When, however, we come to practice, it is easy to see that
the instrumental or photographic results are by no means
in rigid agreement, inter ^r. Hence we are of opinion that,

for some time yet, the ordinary method of direct eye
estimates of brightness will hold its own against the other
methods.

Photography, as a record, is more or less perfect, and we
see how fruitful the study of plates has already become
when we read of Mrs. Fleming announcing a batch of

fourteen new long-period variables at once."

In 1886, Mr. Gore published a very interesting paper on
variable stars, t and with a slight modification we shall

adopt his classification ; one hundred and eighty-seven
stars were then dealt with.

Taking now the second catalogue of variable stars by
Dr. Chandler, together with the revised supplement to the
same, which brings our information up to June, 1895, we
find three hundred and forty-three variables contained
therein. Those discovered since that publication are not
here referred to.

The variables may be divided into the following classes

:

Class I. Temporary or new stars (eleven).

Class II. Stars with large variations and periods of

one hundred days and upwards in length (two hundred
and thirty-eight).

Class III. Irregularly variable stars (thirty-two).

Class IV. ^'ariable stars with periods of less than one
hundred days (forty-seven).

Class V. Algol-type stars (sixteen).

This catalogue of Chandler's is quite a mine of

information on the subject.

Going into a few statistics:—As to Class I., the text-

books give two stars which are not included in the eleven,

probably on account of insufficient data as to position, etc.,

viz., the star of b.c. 134 (Hipparchus), and that of a.d.

329, in Aquila. So that the number of temporary stars

is just thirteen, which, however, has been augmented since
by photographic discoveries.

Class II. comprises the great bulk of the variables. An

* Sarvartl Colleqe Observatory Circular, Xo. 6.

t Jcurnnl of Lirfrpool Axlronomical Society, Vol. V., p. 23.

analysis of the two hundred and thirty-eight stars is given
in the following table :

— '''

Leiigtli of Period.

Daj».

100 to

120 „
145 „
175 „
200 „
225 „
250 „
275 „
300 „
325 „
350 „
375 „
4(K) .,

425 „
4.50 „
475 „
500 „
600 „
Over \

120
145

175
200
225
250
275
300
325
3.50

375
400
425
450
475
500
600
700
00

No. of

Stars.

Nil.

6

12
8

16
9
17
17
18
14
23
14
7
6

2

3

2

1

1

Variation in HagDitudes,

Greatest.
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at the other extreme is S Antliffi, viz., Od. 7h. 46m.
and O'C magnitude.
As to the distribution of the variables in space, as we

know them at present, one hundred and eightj-one are in

the northern hemisphere, and one liuudred and sixty-two in

the southern. We have prepared maps of these on an equal
surface projection, and on the same scale as the maps in

Proctor's " Universe of Stars." The Milky Way is shown.
In the northern hemisphere eighty-seven stars are either on
or near the Milky Way, showing an evident connection
with it. As the area of the Milky Way in the northern
hemisphere is certainly not so much as one-fifth of the
hemisphere, it is evident that far more variable stars are

on it than should be, if they were evenly distributed over
the sky. There seems a paucity of stars in the hours 9 to

U of E.A.
In the southern hemisphere there is a "nest" of

variables in about 16h. of R.A. and 20'^ declination,

and another (evidently connected with the Milky
Way) in lOh. 11. A. and declination 60\ These
aggregations might be due to the fact of a search
of an investigator being confined to a limited part
of the sky. On the whole the connection with
the Milky Way does not seem so marked as in the
northern hemisphere. In the hours 1 to 4 of

K.A. there is a paucity of stars, and there is not
a single star in hour 11."

Now comes the plain question, what is the
meaning of the variable stars '? This is a hard
nut to crack, and Class I., or the temporary stars,

is perhaps the hardest of all to understand.
Scientific men seem doubtful at present whether
the outburst of light which we call a new star is

due to an increase of heat and light in the star

itself, or to a collision between the star and
another body, whether solid or meteoric.
The various papers published in the scientific

periodicals on the new star T Aurigse, which
appeared in 1892, show what different ideas

prevail on the subject, and we quote some of them
briefly. The Rev. W. Sidgreaves and Prof.

Campbell think the phenomena of this star were
produced in a single body. Dr. Huggins believes

in Klinkerfue's and Wilsing's theory, viz. : two
bodies travelling in opposite directions swing
round, and tidal disturbances come in which
bring about eruptions of the hotter layers of

matter from the interior. Miss Clerke agrees

with this. Mr. Maunder put forward the theory

that a long and dense stream of meteors

was travelling towards a star and rushed into or just

grazed it. Mr. liauyard explained the Nova as a small star

moving away from us through a nebula which was moving
towards us. Vogel thinks the Nova was produced by an
encounter of a heavenly body with several others. Prof.

Pickering suggests the phenomena as due to an outbreak

of eruptive prominences on an enormous scale.

I do not mean to say that these are the views of the

above-named at the present time, for our knowledge is

evidently in a transitory stage, and views modify them-
selves rapidly as fresh discoveries are made. Enough
has been said to show that it is a difticult matter to explain

a new star.

Then come the long-period variables. Hero it is

presumed the variation in light must take place in the sun
itself, and Dr. Brester has recently enounced in this

journal what appears to bo a satisfactory theory to account
for the increase and decrease in light.

* lu rc'prodin.-tiuii tlio iiuip^ luive been rL'diK-oi,i uUL'-lmit' liiu'iir.

The question of the interpretation of shift in the lines of

a stir's spectrum is discussed by Dr. P>rester, and he does

not think it can always be attributed to motion in the line

of sight. Such shift may be produced by changes of

pressure, temperature, chemical combinations, etc. la

fact, the conditions under which gases, etc., exist in celestial

bodies are so utterly difi^erent from what we can arrange

in our laboratories, that it is necessary to be very cautious

in interpreting a spectrum. It is, however, plain that

motion in line of sight, when really existing, can be easUy

detected in the spectroscope, for Vogel observed Venus,

and found that the observed (spectroscopic) velocity in line

of sight only differed from the calculated velocity by 0'4

English miles per second.

The irregularly variable stars may, in many cases, be

taken to be peculiar cases of Class II., but perhaps more
difficult to explain.

It seems that the change in short-period variables like

The Variable Stars, Northern Hemisphere. Algol Stars thus :

X or W Saglttarii or S Sagittie is due to an orbital cause :

a dark companion revolving round a bright central star, or

vice vern:!. But it is difficult to account for the iiraJiitil

change in the light all through the period. The extreme
regularity with which such stars go through hundreds and
thousands of their phases is a well-marked feature. Other
stars, like 3 Lynr, are different. Vogel tliinks the spectrum
of /8 Lyr.'c is duo to transiting of two bodies of unequal
brilliancy in an elliptical orbit whoso piano is in line of

sight. When tlie less brilliant body occults the brighter,

the principal minimum takes place. The equal maxima
" occur when the bodies are side by side, at right angles

to the line of sight. The second minimum occurs when
the brighter body occults the darker." This theory might,

perhaps, also cover a star like W Sagittarii, if the com-
ponents are of nearly equal size and brilliancy.

Lastly come the Algol variables, abjut which much has
been written. \'oger3 theory of an opaque satellite revolv-

ing round the bright star in the piano of bight, and
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periodically cutting o£f a part of the star's light, seems to

account for the principal features of the phenomenon

—

viz., a sudden diminution of light followed by a rapid rise,

more especially as the actual motion is revealed. ]?ut it

does not explain all. Repeated observation has shown
that the brightness of the star does not remain constant

after the minimum has been passed ; the old idea must be

given up that the light curve can be represented by a

straight horizontal line, with a sudden depression and
then a rccontinuation horizontally.

j

Duuer considers Y Cygni to consist of two equally large
j

and bright companions and that the line of apsides revolves.

A remarkable announcement has been recently made
that the spectrum of Altair (hitherto free from all suspicion

of variation) shows peculiarities from which it is inferred

that the star is a " spectroscopic triple," the two secondary

bodies being dark as compared with the principal. Prof.

Pickering foreshadowed this result some time before in a

paper on the discovery of double stars by means of their

spectra.

The Variable Stars, Southern Hemisphere. Algol Stars thus : G
Enough has been said to show how incomplete is our

knowledge of the variable stars—yet that knowledge is

advancing with such rapid strides that we may hope to

obtain clearer views as time goes on ; and when the

problem of variable stars is solved a great step will be
made towards that knowledge of the constitution of the

heavens which Sir W. Herschel, Proctor, and others have
so earnestly sought after.

Since the above was written the work of discovery of

variable stars goes on apace, and Prof. Pickering announces
ten new ones in Harvuid CuUcfie (Jhncrvatonj Circular, No. 7,

of which one was previously noted by the writer. The
Professor also finds that S Antlias is not of the Algol type,

but that its light is continually changmg after the manner
of S Cephei and i; Aquilie.

OUR FUR PRODUCERS.-IV.

FUR-SEALS.

By R. Lydkkker, B.A.Cantab., F.R.S.

PROBABLY there are still to be found persons who
believe that " sealskin " is the product of our

common British seals ; and it is, therefore, well

to state at once that this is not the case. It is

true that the fur of an ordinary seal has much the

same appearance as that of a fur-seal when in it3 natural

state, but the former lacks the fine, soft, woolly under-fur

which alone constitutes the sealskin of commerce. To
remove the upper fur, the skin was formerly always, and
still is frequently, shaved on the lower surface ; and as the

long hairs are more deeply emplanted than is the under-far,

their roots are cut away by this process, and the hairs them-
selves can then be brushed out. This process is techni-

cally known as "pulling"; and visitors to the Natural
History Museum at South Kensington may see, in

one of the bays on the left side of the entrance-

hall, sealskin before and after it has been subjected

to this process. After the removal of the long

hairs the sealskin is dyed and curled, and is then
ready for use. Seals that yield commercial seal-

skin differ from ordinary or true seals [I'horida)

in many points—notably in the retention of small

external ears, and in the circumstance that, when
on land, the hind flippers are bent forwards

beneath the body, instead of being stretched

straight out behind. It must not, however, be

supposed that all the eared seals (as the members
of the family Otariida are best termed) yield

commercial sealskin. On the contrary, many
have only the long hairs without any of the woolly

under-fur, and are consequently spoken of as

hair-seals, in contradistinction to fur-seals. Not
the least curious feature in connection with this

difference is that hair-seals and fur-seals are

found inhabiting the same districts, showing that

the presence of under-fur does not depend by
any means on the latitude of the habitat of the

animals.

Although the price of the individual pelts

is comparatively small, the enormous number
brought into the market renders sealskin probably

the most important item in the whole fur trade
;

and when it is stated that up to 1889 upwards
of one hundred thousand fur-seals were killed

annually on the Prybiloffs alone, while in 187i
about four and a half million individuals were
computed to visit those islands, some faint idea

may be obtained of the magnitude and importance of the

trade. Human greed has, however, done its best to

ruin this trade by indiscriminate and reckless slaughter
;

and from many parts of the world where fur-seals formerly

swarmed they have now been more or less completely

exterminated.

The habits of the fur-seals, and the numbers in which
they formerly resorted to their "rookeries" during the

breeding season, have been so frequently described that it

will be quite unnecessary to allude to them further in the

present article ; and it will accordingly sufKce to notice

the species of most importance in the fur trade, with some
remarks on the number and value of the pelts annually

obtained.

Foremost among these is the northern sea-bear, or

Alaska fur-seal {Otaria wsina), characterized externally by
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its short face, with a nearly straight profile, and the

relatively weak dentition. The habitat of this seal is the

North Pacific, where it ranges on the Asiatic coast as far

south as the latitude of Tokio. The chief localities of the

seals in Behring Sea are the Prybiloff and Commander
Groups, the former constituting the head-quarters of the

East Behring herd and the latter of the western herd. In

the Commander Group, Copper and Behring Islands are

the seal resorts ; while in the Prybiloils, St. George and
St. Paul are the chief islands for seals. These latter were
formerly leased to the Alaska Commercial Company.
According to the terms of the lease, not more than 100,000
seals were to be killed annually on these islands ; and this

number was, as already stated, reached in 1889. Since

that date the limit has, however, been very much reduced,

the numbers killed in 1890 being 25,701 ; in 1891, 14,406
;

in 1892, 7509; and in 1894, 15,033. No females are

allowed to be killed on the islands ; and this prohibition

has resulted in such a diminution in the number of males
that probably five-sixths or more of the fur-seals now
existing in the Northern Pacific are females. ' Indeed, to

such an extent have the males been killed ofi' that there

are not sufficient full-grown individuals remaining to attend

properly to the females landing on the islands. Large
numbers of females are, however, slaughtered by the

pelagic sealers cruising in Behring Sea during the months
of August and September. In this pelagic sealing, eight

out of every ten animals taken are shot whilst asleep on
the surface of the water. Most seals when shot will float

for some considerable 'time, and it is a curious fact that

Cape Sea Lion {Otaria puailla).

these sleeping seals hardly ever sink when struck.

Those that are lost by sinking—fi'om five to seven per

cent, of the whole number killed—are, as a rule, awake,
and when shot are struck in the throat. The reason

for their sinking is supposed to be the escape of the

air through the holes made by the buck-shot. Mr. Snow
remarks with regard to those seals shot in the open sea,

that they " all have pups on the ' rookeries,' which, being

unable to shift for themselves, die of starvation. The
fault lies with the regulations formulated by the Behring
arbitrators, who have made the close season from the 1st

• For mucli of the information lierc given the author is indebted
to two cit<"enied correspondents—Dr. C. II. iferrinm, of Winhington,
and Sir. Snow, of Yokolianiiv—who have pointed out certain erroneous
etatements unfortunatelv made in tlie " Roval Natural llistorv."

of May till the 1st of August. May is too early, and is

unfair to the pelagic sealers. Had the close season been
from (say) the 30th of June to the 80th of September
it would have been far better."

The skins are packed with salt in casks, each of which
contains from forty to forty-five ; such casks being for-

warded to London in batches of from two to three hundred.

On arrival the skins are sorted according to size, the

largest being known to the trade as " middlings," while

the smaller are classed as " pups " of various descriptions.

k few years ago the average value per skin was seventy-

eight shillings.

Regarding the process of preparation, after the remains
of the blubber have been removed and the skins trimmed,
Mr. Poland tells us that the pelts " are warmed on the

fur side in the stove room and placed across the unhairer'a

beams, and the top hair is then removed with a blunt
knife. The hair comes oft' in handfuls. The skins

have to be kept warm during the whole process

The skins now have only the fur left, which is of

a light drab colour. They are then tubbed—-generally

by machinery—in order to soften the leather, and
shaved (old process), repaired, or sent as they are

to the dyers." This dressing process occupies from one
to three months, and the subsequent dyeing is still more
complex. Although this part of the trade was formerly

almost exclusively in English hands, it is now largely

shared by the French. After dyeing, the skins are again

scraped or shaved, and cleaned by being put in a revolving

drum among a quantity of sawdust. Certain fine hairs,

technically known as water-hairs, have still to be removed,
this being effected by a special machine. Finally, the

skins are trimmed, and sorted ready for the ?iiarket.

The yearly catch of seals in the Commander Group
is estimated at from forty to fifty thousand, the skins

being packed in much the same manner as are those

from the Prybilofi's, but they are not worth so much. Of
recent years a variable number of skins of this species

have been imported from Japan, the total varying from
two to twelve thousand annuiilly.

The northern sea-bear is the only fur-seal inhabiting
the northern hemisphere ; but there are at least three

species found to the south of the Equator. The whole of

these southern seals difter from their northern cousins
externally in the greater length and narrowness of the
muzzle—which is also more depressed— as they do by the

smaller extent of skin projecting beyond the extremities

of the toes of the hind fiippers. In colour they are

generally more distinctly grey than the northern species.

The finest skins from the southern seas appear to be the

product of the South American or Falkland Island sea-

bear ( Otaria auntratis ), which is found along the South
American coast from Chili on the western side, and the

mouth of the Rio de la Plata on the eastern side, to the
extreme south, and reappears in the Antarctic lands, such
as South Georgia and the South Shetlands. From the
coasts of continental South America, northwards of

Patagonia, these seals have to a great extent disappeared,

but arc more common on some of the adjacent islands, such
as the Galipagos Islands. It will be found stated in some
works that these seals occur on the coasts of Lobes (Seal)

Island, near Monte Video; but the species found there,

and also on some rocks closa to the watering-place of Mar
del Plata on the Argentine coast, is, we believe, the
southern sea-lion (O./nhiitii), which is a hair seal. In the
Falklands and South Shetlands, where they were formerly

so free from fear of man as not to attempt an escape when
their fellows were killed, they are more abundant. During
the voyage of the ChalUmjfr these seals were found in



188 KNOWLEDGE, [August 1, 1896.

some numbers on Kcrguelcn Ijand and Crozet Island, and
they also inhabit, or inhabited, several other islands in the

Indian Ocean, such as i\Iarion, Prince Edward, 8t. I'aul,

and Amsterdam, although often described as a distinct

species under the name of <>. (lazelld.

The South American fur-seal aiTords one of the saddest
examples on record of ruthless and short-sighted de-

slrnctiou. Soon after its discovery over a million pelts

are stated to have been obtained from South (leorgia, and
nearly an equal number from Desolation Island ; while in

the year 1800 considerably more tlian a hundred thousand
were shipped from the former locality. Again, in 1H21-22,

over three hundred thousand skins are stated to have
been imported into London from the South Shetlands
alone. At the present day the race has been more
than decimated, both in South Georgia and the South
Shetlands; and ia 1837 the number of skins from those

Coinmou English Seal (Phuca riliiUnaJ.

islands imported into London numbered, according to

Mr. Poland, only a couple of hundred. There is some
uncertainty with regard to the imports from the Falklands,
as a confusion seems to have arisen between this seal and
the southern sea-lion.

Much the same story is told with regard to Crozet and
Kerguelen Islands, which, as our readers are doubtless
aware, are small barren rocks, rising in the middle of the
Indian Ocean some distance southwards of the tropic.

In his narrative of the ChaUi'mjer's voyage Lieutenant
Spry wrote that " the manner in which the seal fishery is

carried on in the surrounding seas is both extravagant
and destructive, for at the time of the discovery of this

[Kerguelen] island it swarmed with sea-elephants,
whales, and fur-seals. On this becoming known it soon
became a favourite cruising ground for those engaged in

the trade. This led, in an incredibly short space of time,

to the reduction of all these species to a mere remnant,
and in a few years their utter extinction is sure to follow."

This prophecy has not, however, been strictly fulfilled, as

it is stated of late years the seals, on account of the
absence of molestation, have tended to increase somewhat
in numbers. From St. Paul and Amsterdam Islands,

lying to the north of Kerguelen, the seals appear to have
been completely extirpated ; and the cruisers despatched
of late years from the Cape to Prince Edward and Marion
Islands have been unsuccessful.

Nearly allied to th3 last is the Cape fur-seal (Otaria

jnisilla), which now seems to be restricted to the coasts of i

So'ith Africa and the neighbouring islands, although it

probably formerly inhabited Tristan d'Acunha. As a
species it is characterized by the comparative straightness

of the facial profile, the length of the ears, the sharp,

overhanging nnizzle, and the elongated bristhis of the upper
lip. Although this seal is still fairly abundant, the pelts

arc of small value owing to the shortness of the under-
fur, those of young animals being superior in this respect

to the adults. Indeed, the pelts of old males—the old
" bulls " of the sealers—are often only usable for leather.

Although formerly as many as seventy or eighty thousand
skins were imported annually into London, the number now
is much reduced. The skins of young animals—" pups "

—

are frequently used without the removal of the outer hair.

The most productive sealing-grounds for this species are
certain small islands in Algoa Pay.

All the southern fur-seals are very similar to one
another, so that their specific determination is a matter of

great difficulty. But it now appears that the Australasian

seas are inhabited by a siagle species known as the New
Zealand fur-seal, its scientific title being otnria forateri,

although the name cinerea has been applied to the female.

Although in greatly diminished numbers, this seal is still

found in New Zealand and on the southern coasts of

Australia and Tasmania. During the earlier years
of Australian history it occurred in vast numbers,
upwards of four hundred thousand skins being exported
during the years 1814 and 1815. Flinders gives agraphia
account of the hosts in which it frequented the shores of

Passage Point, to the north-east of Tasmania, in his time.

Reckless destruction has, however, done its usual work,
and now the species appears to be comparatively scarce.

The above exhausts the list of well-detined species of

fur-seals, which alone afford the best true sealskin. There
is, however, no hard-and-fast line of division between fur-

seals, or sea-bears, and hair-seals, or sea-lions, some of the

latter having a small amount of under-fur mingled with
the outer fur. The skins of some of these hair-seals are

more or less used in the fur trade, but apparently in most
cases without the removal of the outer fur. In regard to

the small Californian sea-lion ((>. i/iUespiei), which inhabits

both sides of the North Pacific, and is specially preserved

on the Farralone Islands ofi' San Francisco, it seems,

from Mr. Poland's account, that the fur of the back is

capable of yielding a poor class of sealskin.

None of the true seals [Phocida] have under-fur, and
their pelts are consequently used either for manufacture
into leather or as fur which does not come under the

designation of " sealskin." For rough purposes some use

is made of the fur of the common English seal (Plwca

vitulina), although the majority of skins, like those of

most of the members of the family, are converted into

leather. More use appears, however, to be made of the

fur of the Greenland seal (P. i/mnlandica), Mr. Poland

remarking that, after the skins have gone through the

preparatory processes, they are " dyed black or brown, the

former being used for military purposes (Hussar or Fusilier

busbies), and also a few for fur, such as edgings for robes,

etc. The brown skins are used for fur purposes, and the

inferior qualities find a ready sale in France." From five

to ten shillings ia the usual value of the skins of this

species.

To give some idea of the immense extent of the trade

in seal pelts, it may be mentioned, in conclusion, that,

according to a recent estimate, upwards of one hundred

and eighty-five thousand fur-seals and eight hundred and

seventy-five thousand hair-seals are annually slaughtered

to meet the requirements of the world. No wonder the

whole tribe is in danger of extermination !
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HOW TO OBSERVE AN EARTHQUAKE.
By Charles Davison, Sc.D., F.G.S.

THE phenomena of earthquakes attain a very simple

form in this country. To realize this vre have

only to compare the severest of recent British

shocks with one of the great disturbances of other

lands: say the Essex earthquake of ls84 with the

Charleston earthquake of 1886 or the Japanese earthquake

of 1891. In the former case, though many buildings were

damaged and chimneys thrown down, the shock only

lasted a few seconds ; there were no great fissures in the

ground, no crumpling of railway lines, no changes in the

earth's surface features, such as the compression of river

valleys or changes of level along lines of fault. There
was some, though comparaiively little, derangement of

the underground water system. Two months after the

earthquake a single slight shock was felt, that would
hardly have attracted any notice had it not been for the

interest already aroused in the subject. How different is

this from the case in Japan ! During the day following

the disastrous earthquake of 1891 no less than three

hundred and eighteen shocks occurred. The daily number,
of course, rapidly declined ; but before little more than

two years had passed, as many as three thousand three

hundred and sixty-five shocks were recorded at an obser-

vatory situated a few miles from the chief centre of

disturbance.

The simple character, the short duration, and the

isolation of British shocks are distinct aids to their obser-

vation ; the attention is not distracted by a multiplicity

of details. As the shocks are almost invariably slight,

panic and the consequent exaggeration of description are

to a great extent avoided. Their rarity is even, in one
sense, a point in their favour. This is especially the

case, as I have often found, when a seismologist endeavours

to collect information from observers in different places,

for those who have felt only one or two shocks in their

lifetime retain for long the vivid impression they produce.

On the other hand, previous inexperience of earthquakes

militates against their accurate observation. The shock

begins so suddenly, and is often of such brief duration,

that, almost before its true nature is recognized, it may
be over and all opportunity for detailed study gone. In

such cases, while some points stand out clearly enough and
can be easily described, especially with the aid of guiding

questions, others of perhaps equal importance escape notice,

or the recollection of them is afterwards too indistinct or

confused to be reproduced without uncertainty or error.

It is not difficult, however, to attend to the principal

phenomena—those which will be of the greatest service in

determining the surface position of the centre of disturb-

ance and in throwing light on the nature and origin of the

earthquake. To describe these phenomena and to point

out others which are less deserving of notice may be of

some assistance to those who live in the districts which
are occasionally visited by earthquakes, and who are

desirous, when one does occur, of making the best use of

the brief time at their disposal.

It should be mentioned at the outset that the nature or

order of the earthquake phenomena may vary much at

different points of the disturbed area. At a place not far

from the centre of the area, a low, rumblioLr sound is first

heard ; this Lrradually becomes louder, and after one or

more seconds a slight tremor is felt, both sound and move-
ment increase together in intensity, and then gradually die

away, the sound lasting a few seconds after the movement
ceases to be sensible. At its commencement the tremor

resembles that produced in a building by a passing carriage

or train, but, as it gets stronger, separate vibrations are

perceptible. There is, indeed, no real distinction, except

in ma.Ljnitude and duration, between the tremulous motion

and the perceptible vibrations. The movement sometimes,

but not always, ends with tremors like those at starting.

At places near the boundary of the disturbed area the

phenomena are of a simpler nature. If the shock be a

strong one, and the disturbed area consequently large, it

is possible that no sound at all may be heard, and the

only thing observed is a more or less feeble movement.

But in most earthquakes in Great Britain the sound is heard

as far as the shock is felt. In such cases, at a place some dis-

tance from the centre, the sound may be heard first and may
cease entirely before any motion is felt, or, at any rate,

soon after it begins. The instant when the sound is loudest

thus precedes the instant when the shock is strongest.

Very frequently, after a pause of a few seconds, the

same phenomena are repeated with greater or less intensity,

the movement and sound nearly or quite dying away in

the interval.

In describing the nature of the shock it may be con-

venient to distinguish the tremulous motion from the

principal vibrations, applying the latter term (principal

vibration) to each distinct and complete to-and-i'ro move-

ment. When the separate vibrations are so rapid and

small as to be imperceptible from one another, the term

"tremors" or "tremulous motion" should be used.

However carefully written a description may be, it will

always gain in value by the addition of a curve like that in

the accompanying figure. This curve shows, for the great

Charleston earthquake of August 31st, 188G, how the

intensity varied during the course of the shock.

Very often a sense of direction is perceptible, and in

many descriptions some importance seems to be attached

to this. If, however, these directions as observed at

different places are all plotted on a map (I am speaking

here of British earthquakes), they are found to be governed

by no definite law ; they do not diverge from any particular

point or area. One reason, no doubt, is that the direction

itself at any place may change during a shock ; but even

if this were not the case, the apparent direction within a

house is so largely governed by the direction in which the

house itself vibrates

—

i.e., by that of its longer axis—that

observations on direction are generally of little, if any,

value. It does not seem advisable, therefore, to pay much
attention to this point, and the time often given to it may,

as a rule, be more protitably bestowed.

Another point on which valuable time is often wasted is

the determination of the time of occurrence. The first

impulse of an observer, when he begins to feel a shock,

seems to bo to pull out his watch. Now, if the watch were

very carefully regulated, or if its deviation from correct

(ireenwich time could be ascertained soon afterwards, it

would be of the highest importance to determine the time

of occurrence, especially if this could be done accurately to

within a few seconds. 15 at at the present day com-

paratively few watches can be depended on to this extent,

and not many persons are able within a few hours to com-

pare their watches with an accurately regulated clock. It is

seldom, indeed , that observations of the time areof any use for

determining the velocity with which the earth-wave travels.

It should be remembered, too. that an appearance of accuracy,

wliere none really exists, is easily given, and is most mis-
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leadiDg ; it would be better far if such an observation had
never been made. As a general rule, therefore, when an
observer is unprovidid with a really good watch, ho will

spend his time more usefully in giving his whole attention

to the nature of the shock and the accompanying sound.

When the earthquake is over he should then record the

time, and it is not dilllcult to estinuito the brief interval

which has elapsed. When, as is often tlio case in this

country, successive earthquakes are separated by months
or years, an error of a minute or two is not of much con-

sequence. The time, however, should always be recorded
as nearly as possible, if only for the purpose of identifying

the shock with that observed by others. Sometimes also

it is useful in tracing a doubtful or reported earthquake to

its real origin, such as the firing of heavy guns at a

distance, or the bursting of a meteor.
The preceding remarks apply in part to the duration of

the shock. There is no difficulty, of course, in determining
this with some accuracy ; but here again the time can be
more usefully employed. The duration is an element of

little importance, unless it is determined by a seismograph,

because the instants at which the movement begins and
ceases to be perceptible depend entirely on the sensitive-

ness of the observer ; and this varies in different persons,

and even in the same person at different times. For all

practical purposes, the direction can be estimated with
sufficient accuracy when the earthquake is over. The
observer should place himself in the same position as that

in which he felt the shock and then imagine it repeated,

marking the beginning and end, the aid of another person
being obtained to time the interval.

One of the most important points to which an observer

can direct his attention is the intensity of the shock. If

nothing else but the mere occurrence of the sound and
shock were noted, this element should not be omitted.

Fortunately we are provided with a rough scale of seismic
intensity, which has met with general adoption in nearly
all covmtries where earthquakes are studied, and which is

accurate enough for most purposes, besides being most
easy to apply. This is known as the " Rossi-Forel " scale

of seismic intensity." The different parts of Question G

in the list at the end of this paper refer to degrees iv. to

viii. of this scale, the degree being added in brackets after

each part of the question. One or two remarks should
perhaps be made on this subject. In his own notes, at any
rate, the observer should record a full answer (not merely
"Yes") to each part of the question when it can be so
answered. It should, for instance, be stated whether, in

answer to the first part, doors, windows, etc., all rattled,

or only one or the other ; and whether the rattling was
violent or slight. Answers, again, should be written to

all parts of this question, especially if in the negative.
The last affirmative answer of course determines the
intensity of the shock. On this subject of intensity,

however, the observer should not rest satisfied with his

own impressions. lie should make inquiries of his

neighbours and others situated at a short distance in the
same town or village, for the intensity often differs con-
siderably at two points which are not very far apart.

f

The last subject which need be referred to here is the
observation of the sound phenomena. These, as a rule,

are somewhat neglected, and yet they may prove to be of
considerable importance, especially in concert with a large
number of similar observations made elsewhere. The

* For a full translation of the scale, tee Nature, Vol. XLII., 1690
p. 349.

t Ste a paper by Prof. J. Milne, "On a Seismic Survey made in
Tokio in 188-1 and 1885." Japan Seismol. Soc. Trcns' Vcl. X.,
1887, pp. 1—36.

earthquake sound should of course be carefully distinguished

from that produced by the rattling of loose objects, or, in

rare cases in this country, by the fall of masonry. There
is, indeed, little risk of confusion, for the earthquake sound
does not resemble very closely any ordinary noise. On
this account it is somewhat difficult to describe ; but it is

often compared to thunder (especially the low roll of

distant thunder), the passage of a traction-engine or

heavy vehicle along a rough road, the dragging of fur-

niture across the floor of a room overhead, the roaring of

a chimney on fire, or the rush of a gust of wind. Some-
times it is more or less short and abrupt, like the firing of

distant cannon, the fall of a heavy body, or the slamming
of a door ; and occasionally it resembles a succession of

these, such as would be produced by a hard and heavy
ball rolling down a short flight of stairs. Particular

attention should be paid to the time relations of the

shock and sound-—whether the beginning of the sound
precedes, coincidas with, or follows the beginning of the
shock, and similarly with regard to the end. But on this

sufficient is said in the questions given below. A rough
curve might with advantage be drawn, showing the

variation in intensity of the sound, and, if possible, this

curve should be combined in the same figure with the

curve of intensity of the shock—a dotted curve, say, for

the sound, and a continuous curve lor the shock. Such a

figure would exhibit at a glance nearly every detail (except

the absolute intensity and the time of occurrence) which
it is desirable or necessary to observe.

The order in which the observations should be made
and recorded is of great importance. The following is

suggested as a convenient one, though the experience or

inclination of each observer may lead him to adopt various

modifications :— 1. While the earthquake lasts the whole
attention should be given to observing the nature of the

shock and sound and their relations to one another

;

the variations in intensity and character of each.

2. Immediately the earthquake is over, take the time (in

the following order: fraction of a minute or second,

minute, hour), and estimate the interval between the

instant when the shock was strongest and the instant of

taking the time. 3. Write notes on the nature of the

shock and sound, and their relations to one another.

i. Estimate the duration of the shock and sound, and the

intervals between the beginning of each and the end of

each. 5. Record the intensity. 6. Write notes about the

position and occupation at the time of the earthquake.

List of Questions.

1. Name of the Place where the earthquake was observed?
2. Situation of the i Hiscrver : {a) Whether indoors (and

on which floor of the house) or in the open air ? (A) How
occupied at the moment of the shock ?

3. Time at which the shock was felt ?

4. Xtiture (if t/ie S/iock : (a) Was any tremulous motion
felt before the principal vibrations, and for how many
seconds ? (h) IIow many principal vibrations were felt,

and for how many seconds did they last ? (c) Was any
tremulous motion felt after the principal vibrations, and
for how many seconds ? (</) Did the shock gradually

increase in intensity and then gradually die away, or were
there two or more maxima or series of vibrations, and, if

so, how many were there '? what were the intervals between
them? and what was the order of their intensity? (c) Were
the principal vibrations strongest near the beginning,

middle, or end ? ( /) Was any vertical motion perceptible,

and, if so, was the movement first upward and then down-
ward, or rice versa .'

5. Duration of the Shock in seconds, not including that

of the accompanying sound.
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6. Intensity of tJte Shock : Was it strong enough («) to

make windo-ws, doors, fireirons, etc., rattle (iv.) ? (6) to

cause the chair or bed on which the observer was resting

to be perceptibly raised or moved (v.) ? {c) to make
chandeliers, pictures, etc., swing, or to stop clocks (vi.) ?

((0 to overthrow ornaments, v.ises, etc., or cause plaster to

fall from the ceiling (vii.)? (t) to throw down chimneys,

or make cracks m the walls of buildings (viii.) ?

7. Sound P/ieno)ii,ii(i : (a) Was any unusual rumbling
sound heard at the time of the shock, and, if so, what did

it resemble ? (b) Did the beginning of the sound precede,

coincide with, or follow the beginning of the shock, and by

how many seconds ? (c) Did the end of the sound precede,

coincide with, or follow the end of the shock, and by how
manj^ seconds? ('/) Did the sound entirely precede the

shock, and, if so, what was the length in seconds of the

hiterval between the end of the sound and the beginning of

the shock? ie) Did the sound become gradually louder

and then die away, or were there several maxima of

intensity ? ( f) Did the sound change in character at or

about the time when the strongest vibrations were felt ?

(:i) Was the sound loudest before, at, or after the instant

when the shock was strongest ?

THE FACE OF THE SKY FOR AUGUST.
By Herbert Sadler, F.E.A.S.

THE decrease in solar spots is still noticeable. Con-
veniently observable minima of Algol occur at

3h. 19m. A.M. on the 15th ; at Oh. 8m. a.m. on
the 17th ; and at 8h. oGm. p.m. on the 19th.

Mercury, Venus, and Jupiter are all too near

the Sun this month for the observer's purposes.

Mars is now becoming visible in the evening sky.

On the 1st he rises at llh. p.m., with an apparent
equatorial diameter of 8-2

', the defect of illumination on
the p limb amounting to I5". On the 7th he rises at

lOh. 4(im. P.M., with a northern declination of 17" -tl',

and an apparent equatorial diameter of 8}". On the

12th he rises at lOh. 3im. p.m., with a northern declina-

tion of 18" 27', and an apparent equatorial diameter of

8|". On the 19th he rises at lOh. 17m. p.m., with a
northern declination of 14° 10', and an apparent equatorial

diameter of nearly 9". On the 26th he rises at lOh. Sm.
P.M., with a northern declination of 20' 15', and an
apparent equatorial diameter of 9-2 . On the 31st he
rises at 9h. 50m. p.m., with a northern declination of
20° 47', and an apparent equatorial diameter of 9-^

", the
phasis amounting to 1'4". He describes a direct path
through Leo during the month, passing through the

Hyades towards the end of it.

Saturn is still an evening star, but should be looked for

as soon as possible after sunset. On the 1st he sets at

lOh. 53m. P.M., or 3h. 8m. after the Sun, with a southern
declination of 13° SO', and an apparent equatorial diameter
of 16; ' (the major axis of the ring system being 89i

'

in diameter, and the minor 13|"). On the 7th he sets at

lOh 30m. P.M., or 2h. 53m. after the Sun, with a southern
declination of 13° 34', and an apparent equatorial diameter
of 10 '. On the 17th he sets at 9h. 52m. p.m., or 2h. 3Gm.
after the Sun, with a southern declination of 13- 45', and
an apparent equatorial diameter of 15 V'. On the 31st
he sets at Sh. 59m. p.m., or 2h. 12m. after the Sun, with
a southern declination of 14 3', and an apparent equatorial

diameter of 15 " (the major axis of the ring system being
37y' in diameter, and the minor 13.J"). Ho describes a

short direct path in Libra during the month, being about

2^"^ north of x Libra fSrd magnitude) on the 12th.
lapetus is in superior conjunction on the early morning of

the 11th.

Uranus is an evening star, but shoi.ld be looked for as

soon after sunset as possible, and his great southern

declination militates against bis successful observation.

On the 1st he sets at llh. 2m. p.m., with a southern

declination of 17° 37', and an apparent diameter of 37 '.

On the 31st he sets at 9h. 2m. p.m., with a southern
declination of 17° 45'. He describes a short direct path
in Libra during the month.
As Neptune does not rise tLU about lOh. p.m. at the end of

the month, we defer an ephemeris of him till September.
This month is one of the most favourable ones in which

to observe shooting stars. The most noted shower is that

of the Perseids, with a radiant point at the maximum
display on August 10th in R.A. -|- llh. 52m. + 56°.

Observations of this region of the heavens with an opera-

glass will, no doubt, show stationary meteors, or meteors
which shift their positions very slowly. Their places, and
the direction of their shift, should be noted for the purpose
of determining whether the radiant is a geometrical point

or a circle, on an eUiptic area, as suggested with regard to

the November meteors (Mnnthb/ Xotices of the Roijal Astro-

nomical Societij, Vol. XLVIL, pp. 66-73). The radiant

point souths at 5h. 37m. a.m.

The Moon enters her last quarter at 6h. 34m. p.m. on
the 1st ; is new at oh. 2m. a.m. on the 9th ; enters her last

quarter at 9h. 2m. p.m. on the 15th ; is full at 7h. 4m. a.m.

on the 23rd; and enters her last quarter at lOh. 55m. a.m.

on the 31st. She is in perigee at 6h. p.m. on the 11th
(distance from the Earth, li26,340 mUes), and in apogee
at 3h. p.m. on the 27th (distance from the Earth, 251,880
miles). There will be a total eclipse of the Sun on the

morning of the 9th, invisible at Greenwich, and a partial

eclipse of the Moon on the morning of the 23rd ; but only
the penumbra of the Earth's shadow will be projected on
the Moon at Greenwich, the Moon setting before the

contact with the umbra occurs.

Cfjrss Column.
By C. D. LococK, B.A.Oson.

Commimications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 10th of each month.

Solutions of July Problem.

(A. C. Challenger.)

Author's intention :—1. P to Kt3, etc.

Uufortimately, there is a second and similar solution

beginning with 1. B to Rt.

Correct Soiations received from H. H. Quilter (both

solutions), H. F. Biggs, W. Willby, G. A. F. (Brentwood),

C. H. G., H. Le Jeime, and Ubique.

A. S. Coulter.—In self-mate problems. Black is not com-
pelled to defend himself from being mated. His sole

i
object is to avoid mating White.

//. Price.—There is a second solution to yonr problem,

j
commencing with 1. R to KKtsq, 2. B to B3ch, etc. If

' you correct it please send a diagram. We insert the

challenge below.

C. 11. (iiishin.—Thanks ; but the want of economy in

the construction is fatal.

J. F, W'cl.ih.—The tournament 13 noticed below.
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TEOJiLEMS.
By A. C. Challenger.

No. 1.

Black (4).

White (4).

White mates in two moves.

No. 2.

Black (10).

White (i:i).

White mates in three moves.

Correspondence Chess.—Mr. Hubert Price, 89, Clarke

Street, Ladjwood, Birmingham, would be glad to play one

or two games, by correspondence, with a strong player.

CHESS INTELLIGENCE.
After a protracted contest, the tournament at Simpson's

Divan resulted in the following score :

—

R. Teichrcann, 9
;

F. J. Lee and L. Van Vliet, 8} ; R. Loman, 7 ; 0. C.

Miiller, G; E. Cresswell, ;H ; and six other scores smaller

than 0. Mr. Teichmann was naturally expected to be the

winner, and by a larger majority than that of half a game
over Messrs. Lee and Van Miet. However, 9 out of a

possible 11 is a good winning score, and the two scorers of

8.J must either have been in exceptional form or have
encountered in some cases a weak resistance. Mr. Bird's

score of i is very disappointing.

Mr. J. W. Showalter has had all the best of a match
with Mr. Barry, of Boston. The former is the leading

native-born American player, and is expected to take part

in the Nuremburg Tournament.
The Amateur Championship of the Southern Counties

Chess Union will take place at the Imperial Hotel, Clifton,

from September 7th to September KJth. Entrance fees,

lOs. each, must reach Mr. 'T. Letchford, 6, Eastfield Road,
Gotham, Bristol, on or before August 15ih.

The present score in the Quadrangular Tournament of

the Vienna Chess Club is :—C. Schlechter 6, B. Englisch

5^, M. Weiss 5, G. Marco 4.

The Standard gives the following list of competitors

in the International Tournament which begins this week
at Nuremburg:—Blackburne, Burn, Lasker, and Teich-

mann ( England), .Janowski (Franco), SchilTers, Tschigorin,

and \\ inawer (Uiissia), Schallopp, Tarrasch, and Walbrodt
(Germany), Porgos (Prague), Maroc/.y (liuda-Pesth),

Pillsbury, Showalter, and Steinitz (U.S.A.), Albin, Marco,
and Schlechter (Austria).

Mr. Lasker is a doubtful competitor, and the same, we
have always understood, applies to Dr. Tarrasch. Should
both these play, it will be the strongest tournament on
record, superior even to that of Hastings last summer.
Even such a strong player as Mr. Albin will have to fight

hard not to occupy the last place. Mr. I\Iaroczy will be

remembered as the winner of the Minor Tournament at

Hastings last year.

The subjoined game was played in the recent Divan
Tournament :

—

"Giuoco Piano."
White.
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WAYES.-IX.
NOTES ON SOUND WAVES.

By Vaughan Cornish, M.Sc.

WE leave for the present the waves of water in

order to apply our study of the wave pattei-us

giveu by moving bodies to the study of the

physical properties of sound waves in air.

By means of the electric spark it is possible

to see a noise. The arrow-headed wave front in Fig. 1

is the photograph of the hum of a bullet. The bullet

completes an electric circuit when it brushes by the two

wires shown in the ligure, a spark illuminates the chamber

through which the bullet is passing,

and the phenomena may either be

photographed by the light of the

spark, or the whole thing can be seen

if the eye be placed in the position

of the photographic plate. The wave
pattern is simpler than that formed

in front of a small floating body ; it

is as if all the ridges and hollows of

the water pattern had been omitted

except the ridge of the wave of minimum velocity

—

that nearest the body. The single wave formed in

front of a flying bullet is a wave of compressed air, as
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is shown by the fact that it appears dark. The light

comes from the further side of the bullet, and where it

meets this denser air at a grazing angle is deflected from
its path, leaving a dark line. The bright line behind it is

believed to be due simply to the fact that this part of the

photographic plate is illuminated both by the light which
passes straight through the place and by the light deflected

from the condensed air. The velocity of the free wave of

compressed air can be determined from the angle of the
cone, the velocity of the bullet being known. With a
Martini bullet (Eig. 1) the apes of the cone advances
one thousand three hundred feet, while the wave has
spread laterally one thousand one hundred feet on each
side. The velocity of the free wave is therefore not one
thousand three hundred feet per second, the velocity of

the bullet, but one thousand one hundred feet per second,

which is the velocity of sound. The bullet from a Lee-
Metford rifle travels at two thousand feet per second, and
consequently the wave front makes a sharper arrow-head
(Fig. -2). On the other hand, when a bullet is moving at

less than one thousand one hundred feet per second there

can be no arrow-headed wave track, for the sound wave
would run beyond the bullet. The figures show clearly

that when the hum of a rifle bullet is heard overhead the
bullet has already gone by, though everyone sympathises
with the impulse to " duck.' Meteors, which move much
faster than bullets, are accompanied by a sound wave of

Fio. 1.—Photograph of Martini Bullet in Flight.
{By |>('riiii.<sioi( o) Mti-.rs. Nfxtton X Co.)

extremely acute angle. The wave front does not reach
the observer until the meteor has passed far beyond his
station, or it may be not until some time after the meteor
has burst. Therefore, as Prof. Boys has pointed out,
the noise often heard after the bursting of a meteor may
not even be due to the shock of its disruption, but must
frequently, if not always, be caused by the wave track

.y

Enlarged Drawing of above, showing Form of Air Waves.

crossing the observer's position, a consideration which
may avert erroneous calculations of the altitude and
position of the bursting points of meteors.
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A projectile being bodily immersed in air, the wavo of

compressed aii' travels out in all directions from the pro-

jectile, and in this the phenomenon dill'ers from that of

the surface waves given by a floating body. The wavo
front is really a cone-shaped shell. The photoLiraphs,

however, do not show this, for it is only where the light

meets the layer of compressed air at a grazing angle that

the refraction is suilicient to give a dark line ; through all

other parts of the cone the light passes priictically un-

diminished. The fact that the wavo front has three

dimensions instead of being a surface phenomenon, shows
that the displacement of the air is not a hillock or billow,

as in the case of water waves. The work both of a ship

and a projectile is so far alike that they both drive the

pressure.'

densitv of

Fio. 2.—riiotograph of Lcc-Mctford Bullet in Flight.

fluid forward from the stem, but in the case of a ship the
level of the water is at the same time raised, whereas in

the case of a projectile the displaced particles of air pene-
trate among those in front of them, thus producing a

greater density. This action goes on continuously in

##^^^ft^:^tft.

Enlarged Draiving of aTiore, sliowing Form of Air Waves.

front of the bullet where the wave is created, and on
either side where the wave is travelling freely the com-
pressed air acts similarly, transmitting its energy to the
neighbouring layer of air, which, being thus compressed,
becomes in its turn the wave front. The particles of air

in the first layer then recoil promptly to their original

places, the layer returning at once to the ordinary pressure
of the air. Thus behind the sound pulse there is no noisy
turbulence of the air similar to the persistent heaving of
the sea. The motion of the air particles is wholly forwards
and back to rest along the same path, the whole of the
energy of motion being transmitted during this single

oscillation, as in a " long wave.'' Were it otherwise, the
air would be filled always and everywhere with a jangle of

sounds.

The velocity with which a free sound wave propagates
itself through any gas depends upon the elasticity with
which the gas recovers its state when pressure is released.

This force of elastic recovery depends dincdy upon the

The velocity also depends imrrsfly upon the
the gas, which is itself proportional to the

pressure, so that, taking both factors into account, the
velocity of propagation of a sound does not depend upon
the violence of the compression—that is to say, upon the

loudness of the sound. Were it otherwise an orchestra

could not keep time for an audience.

This law only holds, however, for reasonable pressures.

With excessively violent compression the speed is some-
what greater. Thus, in Fig. 2, close to the V-shaped
reflector on either side, the wave front is in advance of its

proper position, where the darkness of shadow (at least in

the original photograph) shows that the intensity of the

sound is great. The V-shaped reflector was arranged so

that the sound met it at a grazing incidence. In this case

the wave is not reflected, as it is from the plate near the

bottom of the figure, but, instead, it gathers force by what
Scott Russell called " lateral accumulation." Something of

the same kind happens with the "solitary" canal wave
when it meets a wall at a grazing angle. The nioreased

velocity is in this case connected with the increased height

resulting from lateral accumulation, which causes the wave
to travel faster by increasing the effective depth of the

canal. The wave ultimately forms a breaker. Perhaps
the extra swiftness of very loud sounds may be due to

breaking, or rather spraying, jets of air shooting forward
from the wave front and accelerating the compression of

the next layer. Lateral accumulation is. Prof. Boys
thinks, the secret of whispering galleries, the sound
running round the wall without any true reflection.

Perhaps it may also be a reason why sound often carries

so wonderfully over water.

The movement required to make an audible wave must
be sharp and quick, but may be very small. Lord Eayleigh
has shown experimentally that a displacement of air

particles of less than one ten-millionth of a centimetre in

amount is distinctly audible. On the other hand, the

motion of a large mass does not give rise to an audible

wave if the motion be so slow that the

air can escape compression by sliding

round its sides and in behind.

Solid bodies, when struck, tremble

with a rapid movement, and this is

the usual source of sounds. A solid

in regular vibration sends out a suc-

cession of pulses, each of which is an
elastic air wave independent of those

which precede and follow it. As,

however, many bodies, especially

those which are uniform in material
and regular in shape, vibrate persistently at a con-

stant rate, the sound pulses thus produced succeed one
another in a perfectly regular manner—a definite, short,

lapse of time and a definite distance separating each
pulse from that which precedes it and from that which
follows. Such a regular succession of pulses has a
notr depending upon the interval of time between them,
or, which comes to the same thing, upon the distance
from crest to crest. This distance is called the wave-

* jUlowanee nmst be made for tlie fact that in the sharj) and
sudden eouipression of the air whicl; takes place when sound is made
the air becomes heated. Conversely, sudden heating, as in the
ex])losiTe combination of gasps, develops jiressure, whicli heats and
assists in firing the next layer, detonation proceeding as a wave which
is very much like a violent sound wave. It seems as if jets of heated
gas are projected from the front of the " explosion wave," helping to
fire the mixture in front. Such jets correspond to the spray sliot

forward from a breaking wave.— {Tide Dixon on "The Kate of
Explosion in Gases '"

: Phil. Trans., 1893.)

^sss^-^- -
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length of a musical sound or note, but there is no
such physical connection between the waves as there is

in a group of ship -waves or of wind-raised waves ; they are

independent of one another, like the successive ridges of

water which roll in upon a flat shore after the bursting of

the breakers. Each vibration of a solid consists of a

forward and a backward swing. During the former the

air is compressed ; during the latter it is rarefied ; each
pulse of compressed air being followed by one of rarefied

air. The whole air-space round the sounding body thus
becomes a series of concentric shells of compressed and
rarefied air. The compressed parts may be called crests,

the rarefied parts troughs. The middle C string of a piano
sends out waves of which the crests are separated by
distances of about four and a-half feet.

The quality or timbre of a note depends upon the
physical character of the individual air pulses, which in its

turn depends upon the manner in which the vibrating

body executes its swing-swang motion. Each vibration

of a tuning-fork compresses the air gently at first,

the pressure rising gradually to a maximum, and then
decreasing as gradually. This gives a smooth soft sound.
The vibration of a violin string, on the other hand,
after compressing the air to a maximum, releases the
pressure very suddenly ; hence its sharper sound. The
curves often used to represent sound waves are no more
like them, in the ordinary sense of likeness, than an
equation is like the curve it expresses ; and the similarity

of these curves to the forms of water waves sometimes
misleads people into a mistaken notion of the kind of

similarity between sound waves and water waves. A
shaded band is the most natural mode of representation.

Although different sound waves travel at the same speed,

yet, owing to the difference of interval between the pulses

sent out by bodies not accurately tuned to the same note,

reinforcement and enfeeblement can take place between
sounds, much as in the case of water waves. " Beats" are
thus simOar to the occasional arrival of unusually large

breakers.

We have considered the forms of wave front given by a
projectile and by a vibrating body, each immersed in a
deep ocean of air. A disturbance on a suflicient scale to

affect the atmosphere through its whole height sends out
a wave which has a very different form of wave front.

Such were the explosions which accompanied the final

paroxysms of the Krakatoa eruption. These sent out elastic

waves which must have moved the air to the highest
limits. Viewed as a whole, the atmosphere is a thin

spherical shell or envelope surrounding the solid earth.

The front of the great Krakatoa air wave was, therefore,

a ring or annulus with a nearly vertical face equal
in height to the height of the atmosphere. From
Krakatoa the pulse radiated out to all points of the
compass, the ring-shaped wave front attaining its greatest

dimensions when the wave had gone halfway round the
earth from its starting point. Then of necessity a con-

J

traction of the ring began, and this continued until, at the
!

antipodes of Krakatoa, the disturbance was approximately
focussed round a vertical line. From this focus of concen-
trated energy the wave front again expanded to the full

circuit of the earth, and then, contracting, focussed once
more around Krakatoa. Thence once more the wave spread
out, and thus continued, with diminishing intensity at each
journey, for several complete circuits oif the globe. The
record of its marvellous journey was registered by baro-

meters in all parts of the world, the mercury column
responding to the variation of pressure as the air pulse
passed each recording station. This was a sound w-ave,

as its rate of travel showed, though it affected the baro-

meter far beyond the range at which the noise of the
eruption was recognized.

The audibility of a sound depends upon the amount of
compression of the air at the point where the wave en-
counters the auditor. In the above case the effect upon
the barometer was greater than that of sounds more locally
intense, owing presumably to a nearly simultaneous
increase in density in the whole atmospheric column above
the barometric station.

The effect of wind upon the velocity of sound is easily
understood ; the disturbance advances more slowly, rela-

tively, to an auditor on the earth's surface, when the air

is bodUy moving in the opposite direction to the wave of
sound. This does not explain why sound becomes so much
feebler when travelling against wind, for the existence of
a current ought not to affect the amount of condensation
and rarefaction. Experiments made by Prof. Osborne
Reynolds show that sound going against wind is thrown
upwards, and passes over the head of the listener. By
ascending to a height from the ground, the sound can be
caught again. This is probably due to the circumstance
that the wind is stronger above than below, where it is

retarded by the ground ; the front of a sound wave
travelling against the wind being consequently tilted

upwards. Down wind the tilt would be downwards, and
the sound should therefore be kept close to the ground.
The sound wave travels quicker in hot air than in cold,

the density being less for the same pressure ; consequently
on passing obliquely from a stratum of hot air into a
stratum of cold air, the front of the sound wave swings
round, as the roUers from the sea wheel round upon the
end which first reaches shallow water. The continual
refractions and reflections which sound undergoes when
the air is irregularly heated interfere greatly with the
carrying power of sound. Thus a hot bright day, even
when there is no wind, is often bad for sound ; whilst a fog,

which screens off the rays of the sun, often makes the air

more transparent to sound, for the little fog particles are too
small to interfere much with sound waves. Only obstacles
of large size cast a sound shadow, the wave-length of ordinary
sounds being considerable ; a man's head, for instance,
scarcely screens off sound at all. Were it otherwise, the
ears would have to work independently. Similarly, to
concentrate sound to a focus would need a very large lens,

so that the ear has no focussing arrangement corresponding
to the crystalline lens of the eye, and our perception of
the direction of sound waves remains less perfect than of
light waves.

M
LINOLEUM.

By Dr. Geori.e McGowan.

ANY a one has doubtless put to him- or herself the
question—What is linoleum, and how is it made ?

As this material is now so widely and universally

used for household purposes, a few notes from
an exhaustive article upon its history and manu-

facture, contributed by Mr. Walter F. Reid to the February
Number of the lournal of the Suciity of Chemical Jiuiustn/,

may not be without interest to many readers of Knowleix-.e.

Although linoleum itself is quite a modern product (the
first factory for it was started only thirty years ago), it has
had numerous precursors, the earliest of which was waxed
cloth or canvas. A varnish called " linoleon," containing lin-

seed oil, was used in the eighth century; and in 1230— (..'.,

during the reign of Henry 111.—we find oil being employed
for painting in this country. In 1(!36 a patent was granted
for " painting with oyle cullors upon wollen cloath, kerseys,

and stnffes, being pper' (?) "for hanging, and alsoe with
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tbe said cullors upon silk for windowes." Numerous mix-
tures of oils with resins were used until 1751, at which
date mention is first made of india-rubber or gum lastic as
an ingredient in the coating material. In 1814 Mr. E.
Galloway proposed the addition of powdered cork to plastic

india-rubber, in order to give a " certain elasticity " to the
combination, and cloth coated upon one side with this

mixture was brought into the market as a substitute for
floorcloth, under the name of " kamptulicon." This latter
was the immediate forerunner of our present linoleum, for

which wo are indebted to Mr. F. Walton. And now, at
the present moment, there are twenty-live factories in
operation, the greater number of them being in this
country, at which 12,000,000 yards of linoleum are
annually produced.

The two main ingredients in the manufacture of linoleum
are cork and linseed oil, to which are added smaller quan-
tities of kauri gum, resin, and pigments of various kinds.
In the manufacture of bottle corks about one-half of the
cork is wasted, and this waste is the chief source of the
cork for linoleum. ]\Ir. Reid, however, adds that in the
cork forests of Algeria, etc., there is plenty of material
available which, while not suitable for bottle corks, would
answer admirably for linoleum. The cork waste, after
being freed from dust and other admixed substances by
means of a sieve with a rapid reciprocating motion, is

crushed. This sounds very simple, but, as a matter of fact,

the machinery required for the actual operation has to be
of a very special character, both on account of the elasticity

of cork and also because of the almost incredible rapidity
with which it blunts the hardest steel knife-edge. The
breaker reduces the cork to pieces of about the size of a
pea, in which state it is passed on to the grinding mill,
the latter being like an ordinary flour mill, but with stones
of lava, sandstone, or some other rough material. Cork
dust being excessively light, it quickly disseminates itself

through the air of the mill ; hence the utmost precautions
have to be taken to ensure the protection of all artificial

lights, and thus to prevent the explosive mixture of air
and cork dust being set on fire. Even with every pre-
caution, small explosions are sometimes caused by sparks
from the machinery. The author says, in fact, that
" speaking after considerable experience of both materials,
I would rather handle dynamite in bulk than cork in a
loose state." The dust has not yet been bleached success-
fully, i.e., the colouring matter adheres to it with such
tenacity that it can only be got rid of at the cost of lessen-
ing the strength and elasticity of the cork itself. Further,
although many experiments have been made with the view
of replacing cork by other substances—sawdust, spent tan,
peat, etc.—the resulting product possesses less elasticity
than when cork is used, and so wears out more rapidly.
The next stage in the manufacture is the preparation of

what is technically known as " cement," the chief ingredient
of which is oxidized linseed oil. As everyone kaows, oils

are divisible into two classes, drying and non-dryino- oils,

the " drying " being brought about in the case of the first-

named by the absorption of oxygen from the air, and the
consequent transformation of the oil into a solid resinous
mass. For linoleum manufacture the linseed oil used
must be of good quality, and great care must be taken in
its treatment. The oil is first boiled, much as in the
manufacture of paints and varnishes. It has been found
that the process of drying is much facilitated by the
addition of a small quantity of the oxides of lead. The
boiled oil, after being allowed to deposit any sediment in a
settling tank, is pumped to the top of a high building, and
from thence allowed to flow over a number of pieces of
light cotton fabric known as "scrim," which hang vertically

from iron bars. The air in the building being heated to a
temperature of about 100^ ]''ahrenheit, the layer of oil

which adheres to the surface of the scrim becomes rapidly

oxidized, or, in other words, it solidifies in the course
of twenty-four hours. This operation is repeated daily

for six to eight weeks, until a sufTicient number of
solidified layers of oil are deposited on the cloth, the mass
of oxidized oil having now a thickness of half an inch, and
being termed a " skin." The skins are then cut down and
ground between rollers. This plan of drying the oil is a

slow one, but more rapid methods have apparently not
been found to answer very well as yet, because there is a
danger of pushing the oxidation too far, in which case the
dried oil again changes into a liquid.

To prepare the linoleum "cement" itself, the ground
oil is mixed with resin and kauri gum in different pro-

portions until the whole mass is homogeneous. And here
again fire has to be guarded against, as the cement has a
great tendency to heat and even to inflame if left in bulk
exposed to the air. The cement and cork dust are now
intimately mixed together by machinery in a series of

operations, various colouring matters being added at the
same time, according to the colour required for the finished

linoleum. This linoleum mixture is then rolled on to jute

canvas, to which it is made to adhere thoroughly. It

should be added that, instead of jute, wire gauze imbedded
in india-rubber is now being much used, especially for

linoleum intended for staircases.

Linoleum, as prepared above, is of the same colour

throughout, and when an ornamented surface is required

the designs are printed upon it in oil paint. This, of

course, merely gives a surface colouring, which is liable to

wear out, and hence various plans have been and are

being tried with more or less success, whose object is to

produce a mosaic linoleum coloured throughout its entire

thickness. r>ut although such linoleums with inlaid colour

patterns have some advantages over the older kind, they
have also—up to the present time of writing—certain

disadvantages.

Plain linoleum is usually made in two colours, brown
and red, of which the brown is the more elastic. The fact

that wet linoleum is stained when any article of iron is

placed upon it must often have been noticed, this being

due to the tannin contained lu the cork. In course of

time linoleum loses its elasticity and becomes brittle, this

being caused in the first instance by a change in the cement
induced by further oxidation, the cork remaining unaltered.

With regard to this the author of the paper remarks that

a more stable cement will probably be worked out in time

—possibly one derived from mineral oils, which have
little or no tendency to undergo oxidation in the air. The
linoleum industry, already a large one, will doubtless

continue to grow, and the manufactured product itself to

improve. Space will not permit of our entering into

further details regarding it here, and any reader who
wishes to know more about the subject is therefore referred

to Mr. Reid's able and interesting paper.

THE SOOTY OR BROWN ALBATROSS.

THE accompanying reproduction is from a photo-

graph very kindly supplied by the Hon. Walter

Rathschild. It was taken, as was the photograph

of the white-breasted albatrosses reproduced in

Knowledge for April, 1895, by Mr. Rothschild's

collector some years ago, in Laysan Island, on a sand-

bank in the Pacific off the Sandwich Islands.

The sooty or brown albatross, sometimes called the
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brown gooney, and scientifically known as Diomedea
cliintnsis, is one of the commonest species of the genus.

Gould says of the birds of this species, in his "Birds of

Australia," that their actions and mode of flight differ

considerably from those of all other species of albatrosses,

their ai-rial evolations being far more easy, their flight

much higher, and their stoops more rapid. The cuneated
form of the tail, which is peculiar to the species, together

with the sUght and small legs and more delicate structure,

clearly indicate the most aerial species of its genus.

On French Frigate Island, Laysan, and all other islands

visited by Palmer (Mr. llothschild's collector), the dark
albatross was fairly numerous. On Laysan Island the
breeding-place was to the south side of the island, where
the birds sat on the beach with their young, as is shown in

the photograph.
The young feed by putting their beaks crosswise into

the old bird's mouth, and thus they catch the cast-up fish.

Herr von Kittlitz, who visited these islands in 1828,
remarks that the sooty albatrosses are extremely foolish

and fearless. They can be caught with the hands, as they
must run a good distance before being able to get up on the

wing. If two birds meet, they bow to each other, uttering

a low cackling. When Herr Izenbeck, a friend of Herr von
Kittlitz, met one he used to bow to it, and the albatross

was polite enough to answer, bowing and cackling. This
could easily be regarded as a fairy tale ; but considering

that these birds, which did not even fly away when ap-

proached, had no reason to change then- customs, it seems
quite natural.

The brown gooney in colouring is sooty brown above,

with the forehead a dirty white ; underneath the colours are

much paler and more grey. The quills and tail-feathers are

blackish brown, and the bill dark brown with a blackish

tip. The total length of the bird is thirty-three inches,

the wing being nineteen inches in length.

The French Frigate Islands, Laysau, and other islands

in this group, are simply low sandbanks with little or no
vegetation on them, but they are covered with birds. One
would expect that these immense colonies would not

be altogether peaceable, and that such is the case may
be gathered from the following anecdote told by Palmer
of the frigate-bird, found there in large numbers. He says :

" Scarcely had I pushed one ofl", when another frigate-bird

would rush up, seize the youni; one, fly ofl", and eat it.

Sometimes the parent bird would give chase, but it always
ended in one or the other eating the young bird. I could

scarcely believe my own eyes, so I tried several ; but they
would even take young birds out of the nest which were
almost fully feathered."

THE CAUSES OF COLOUR.

By J. J. Stewart, B.A.Cantab., B.Sc.Lond.

THE beauty of the objects of nature around us

depends so much on the varieties of colour which
they exhibit that it becomes an interesting

queition, what is the cause of those diilerences '?

We have only to think of the blue sky, the green

foliage, and the various splendours of flowers and fruits to

realize to how great a degree the pleasure we experience

in viewing a country scene is due to the many-hued
surfaces of natural objects. The pleasurable feelings

aroused by the sight of the deep blue of the sea contrast-

ing with the bright red colour of the sandstone cliffs, or

the eUect of the sunshine when it lights up the splendid

purple of the heather on the slopes of the hills, can be

forgotten by none who have experienced them ; and the

striking effect of Eastern scenes is owing largely to

the brilliance of the tints which meet the eye. It is

needless to enlarge on the part played by colour in this

world of ours ; the difference between a world of colour

and one in wiiich surrounding objects were only distin-

guished by different shades of grey can be realized by all.

When we come to enquire how the red colour of a rose

is produced, and why it differs in appearance from a blue

flower, we must consider what happens to the light which
falls upon the petals of the rose. We see the flower because
the light from the sun is reflected from it, but something
has happened to the light before it reaches our eyes ; the

light we receive differs from that which fell upon the

flower. The rays from the sun penetrate to a certain

extent into the substance of the flower, and most of them
are reflected from particles beneath the surface. Now the

cells making up the petals of a rose contain a fluid which
has the power of absorbing certain of the rays of Ught,
and the light entering the eye after penetrating a short

distance below the surface of the petals and coming back
has passed through this fluid, and in its course some of

the rays of the sunlight have been abstracted from it.

Thus the light reaching us is lacking in certain of the

constituents of white light—that is, it is coloured. White
light may be considered as made up of the three funda-

mental colours, red, green, and violet, blended together.

The light which has passed through a certain extent of

the substance of the rose petals has been deprived of its

green and violet portions, and thus the red rays alone

reach our eyes. All substances which possess colour

exercise this power of sifting the rays of light. Light
falling on the leaves of the rose-bush passes through their

superficial layers and is reflected from below the surface

;

thus it has to traverse certain particles which take

from it the red and violet rays and allow the green to pass.

The green rays which escape absorption are the only ones

which reach our eyes, and we therefore call the leaves

green.

When white light passes through a prism it is found
that in the bind of colour or spectrum produced, the blue

and violet rays are the most bent out of their original

course ; they are the most refrangible. The red rays are

the least bent. It is found also that the vibrations of the

ether filling space which produce waves of light are

quickest in violet light and slowest in red light. Some
substances absorb the quick vibrations more readily and
thus appear reldish in colour. Others absorb the slower

vibrations, allowing the others to pass through, and there-

fore have a green or blue colour.

When a substance is heated its particles are thrown
into a state of rapid motion, and soon set up a motion in

the ether which, when the vibrations arc of a certain

rapidity, produces light. If a ball of iron is heated it first

of all gives out radiation consisting of dark rays which
have the effect of producing heat. As its particles become
hotter and hotter, and thus vibrate more rapidly, the

radiation begins to affect our eyes and the ball glows with

a dull red heat. As vibrations of greater and greater

rapidity take place owing to the further heating, the ball

appears bright yellow, and finally white, when vibrations of

all the ditterent rapidities which affect our eyes are given

out. In this case it is the motion of the particles or mole-

cules of the heated body which is imparted to the ether,

and so produces the eflect we call light. Now those mole-

cules which are able to execute certain vibrations and give

them to the ether, absorb these same vibrations from the

ether—that is, absorb certain rays of light. This eflect is

best seen in the case of gases, and the phenomenon is

analogous to that which occurs with sound. A tuning-
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fork or stretched wire whicli can give a certain note when
it is struck, is able to take up and absorb the note from
the vibratintj air around it when that note is sounded in

its neighbourhood.
It may be noticed that the light from the electric arc

when seen near at hand has a distinctly bluish colour

;

but this same light when viewed from a distance appears
yellowish, as certain of its rays have been absorbed by the

water vapour in the air on its passage to the eye. For a
similar reason the sun is now considered to be a blue star

;

his light, which would appear intensely white, and rich in

blue rays especially, if it could be seen from beyond our
atmosphere, appears yellowish after it has passed through
that atmosphere and has lost some of its most refrangible
constituent rays.

The ell'oct of absorption in producing colour is seen from
the fact that powdered bodies generally appear white. This
is accounted for when we consider that a powder consists

of particles arranged at all angles, so that the light falling

upon it meets various surfaces and is mostly reflected

before it has passed below the surface. Thus the white
light reaching it, is not deprived of some of its constituents
by selective absorption, as it would be if it penetrated the
substance and was then reflected. In this way powdered
red glass appears white. For a similar reason the froth
of coloured liquids, such as brown ale, appears pure white.
The light is reflected from the surface of numerous small
bubbles, and does not pass much through the liquid itself.

Thus also a cloud is very opaque to light, the light falling

on it being reflected at the surface of the numerous globules
of water. To this is due the brilliantly white appearance
of large fleecy clouds in bright sunshine.
Some substances absorb equally all the rays of light.

Such substances, of which soot is an example, appear
black. The reason why a flower like a white lily appears
white is that the fluid contained in its cells does not
absorb one sort of rays more than another, but allows all

to pass with comparative freedom. White light then re-

flected from its surface, or from a little below, is not
deprived of any of its constituents, but remains white.
The effect of reflection from internal surfaces accompanied

by absorption in producing colour, can be seen by pouring
a coloured liquid, carefully freed from floating particles,
into a white porcelain basin. Light is reflected from the
sides of the basin, passes through the liquid, and its colour
is seen. If now the sides of the basin be covered with
some black substance, no light will be reflected from them
and the Uquid will appear black ; no hght comes to the
eye from the interior, and the surface of the liquid reflects

all the rays equally. If nest we place in the black-looking
liquid a white powder like chalk, its colour is at once
restored, light being now reflected from the interior at
the surfaces of the chalk particles.

From the above considerations we can understand to
what causes the colour produced on mixing pigments is

due. A mixture of blue and yellow paints has a green
colour because that is the only colour transmitted by both
pigments. The blue paint absorbs the red, orange, and
yellow rays, allowing the others to pass through it ; the
yellow paint absorbs the blue, indigo, and violet. Thus
green rays alone are permitted to pass through both, and
the result is that the mixture appears of that colour.
Some substances appear of one colour when viewed by

reflected light, and another when seen by transmitted light.
Thus the light reflected by gold is yellow ; but a leaf of
gold made so thin that light can pass through it appears
of a green colour. This appearance of different colours on
reflection and transmission is also seen with many of the
aniline dyes. Tne colour of the light due to reflection is

then made up of those rays which are not admitted at all,

but sent back at the surface, together with that light which
has been reflected from a certain depth below the surface,

and has thus lost some of its constituent rays by internal

absorption. The light to which the colour is due when
the substance is viewed by light which has passed through
it, is that which has been deprived of some rays by reilec-

tion at the first surface, and again of others by absorption

in passing through. Hence the difference of colour when
viewed in the two difierent ways.

Variations in colour perception no doubt depend on
varying sensations in our own eyes as well as on
changes in the light itself. Some curious experi-

ments have been made with a view to testing our

different sensations as to colour. It has often been
noticed that a bright scarlet uniform will appear perfectly

white in a good photographic dark room with ruby
glass windows. With regard to such effects, Ilerr II. W.
Vogel described recently in IJerlin some experiments he
had made. He used oil lamps and fitted on to them pure

red, green, and blue colour screens. It was found that when
the white light was entirely shut out, no sense of colour was
perceptible to the observers, and objects in the room
appeared of various shades of black and white. He found

that when a set of colours was lit up by red light, the red

pigments appeared white or grey, and this changed at

once into yellow, not into red, when blue was added to the

light under which they were viewed. Thus a colour was
perceived which did not exist in either of the sources

of light used. The colour sensation produced by a source

of light also depends partly on the intensity of the illu-

mination. From these and similar experiments, Herr
Vogel comes to the conclusion that our opinion as to the

colour of a pigment depends upon our perception of the

absence of certain constituents from the light reflected

from it. Thus a surface which has a red colour is only

perceived as red by us when light of other colours shines

upon it, and we observe its incapacity for reflecting these

colours.

When a solution of quinine is viewed in sunlight, a

remarkable blue shimmer is noticed extending for a short

distance beyond the surface at which the light enters. A
similar effect is noticed with many other substances, the

colour being different in different cases. The phenomenon
is known as fluorescence, as it is well observed in the

mineral fluor-spar, and is due to the fact that light is

absorbed by the substance and is again given out as light

of a different colour. For instance, rays of high refrangi-

bility towards the blue end of the spectrum may be taken in

and given out as yellow rays of lower refrangibility. In

the case of quinine, invisible rays beyond the violet are

absorbed and blue or violet rays are emitted by the solution.

In all cases of fluorescence a degradation of the rays

takes place ; those given out are of lower refrangibility

than those which disappear on absorption. By painting a

screen with a solution of sulphate of quinine, the spectrum

beyond the violet can be made visible, as those vibrations

which are too rapid to affect our eyes are changed into

others of lower refrangibihty, which can be perceived when
they fall on the retina. The curious blue colour of the

solution of quinine extends only a short distance into the

liquid, because those rays which are capable of producing

it are soon absorbed, and the light which passes onward
through the fluid is destitute of such rays. The colour

produced in cases of fluorescence has a different origin

from that of the ordinary surface colour of substances, for

the rays absorbed do not disappear as light, but their place

is taken by other rays of a different sort.

The nature of the vibrations which constitute light still
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remains mysterious, but great advances have been made
in recent years in our acquaintance with these and allied

phenomena, and we may hope for still greater accessions

to our knowledge in the not distant future.

MICROSCOPY.

By A. B. Steele.

IT
is stated on some authority that magnifying lenses

were not in use till about the end of the sixteenth

century. It was known long before then, however,
that letters were enlarged when seen through a globe

filled with water, but it was thought that magnifi-

cation depended upon the nature of the water or of

transparent bodies, and not upon the lenticular form of

the glass. From the gradual deepening of curves, no
doubt, the idea originated of producing lenses of shorter

and shorter focus, until the combination of a convex lens

as an objective with a concave lens as an eyepiece,

distanced apart by the hands, led to the discovery of the

telescope. Its conversion into a microscope would im-

mediately follow, for, as Hersehel says, a telescope used for

viewing very near objects becomes a microscope.

The first microscope would most likely be in the shape
of a hand lens, and this would soon be improved upon by
mounting the lens at one end of a tube with the object held
at the focus or attached to a piece of glass. For higher
powers some system of focussing would be applied, either

by sliding the object cover or the lens, and for still higher
powers globules of blown glass would be used. It is said

that Huyghens brought microscopes from Holland of

minute spheres of glass about the size of a grain of sand,

and one of the earUest experts in microscopical observations

is said to have constructed an instrument of blown glass

and used it in the discovery of minute forms of life. The
honour of having produced the first microscope consisting

of a combination of lenses is generally ascribed to a

spectacle maker named Jansen, in the small town of

iliddelburg, in Holland. The date can only be approxi-

mately given as shortly before or after the beginning of the

seventeenth century. One of .Jansen's microscopes was
found at Middelburg in 1850, and was exhibited at the

Loan Collection in London in 187G. It resembles one of

the present-day compound microscopes without the field

lens. At the time of its manufacture clear glass was
scarcely to be had in Holland, and microscopes were
constructed with lenses of rock crystal and designed to view
opaque objects by reflected light.

In 1637 Descartes published a description of a simple
microscope which was a decided improvement upon the
form commonly used before his time. It consisted of a

simple lens mounted in a central aperture in a polished

concave metal reflector, and was practically the same as

the lens constructed a century later. He also designed a

machine for grinding and polishing lenses, nearly a quarter

of a century before practical men had their attention

drawn to this important subject. But about this time the

man whose fame as a microscopist is best known, and
who gave the first real impetus to microscopy, was llooke.

He was the first to employ diffused light instead of direct

sunlight. He introduced the field lens, and invented the ball

and socket movement in the construction of the microscope.

He was also the first to discover that a drop of water
placed on the front lens of the objective would allow more
light to pass than a dry lens could in the proportion of

unity to the refractive index of water. Such lenses were
subsequently known as immersion lenses. S3 distin-

guished a person was Hooke that Hersehel speaks of him

"as the great contemporary and almost the rival of

Newton." It was not till nearly fifty years after his time
that microscopes were provided with mirrors. The early

system of focussing seems to have been effected by a
' screw-barrel " arrangement acting on the object, which
was clipped between two plates and depressed from the

objective by a spiral spring ; and " screw-barrel micro-

scopes "—so named from the objective being mounted in a

little barrel—became common in the eighteenth century.

Many improvements in the screw-barrel system of focussing

were introduced, but all were more or less defective, until

a plan was discovered by which the image would remain
steadily in the field, and allow the object to be viewed
during the actuaLprocess of focussing.

The invention of means to determine the exact magni-
fying power of any objective is due to Benjamin Martin,

who applied a screw micrometer to the eyepiece with fifty

threads to the inch, so that the precise number of diameters

could be stated. A ruler, divided into tenths of an inch, was
placed under the microscope so as to have a tenth in full

view on the image ; then by measuring it with the micro-

scope, and counting how many turns were made in so

doing, the number of turns divided by five showed how
much larger the image was than the object. Martin
made a large compound microscope for His Majesty

George III., which is now in the possession of the Royal
Microscopical Society. The instrument stood on the floor,

and was so large that the King could conveniently use the

eyepiece while sitting in his arm-chair. The compound
microscope of to-day, known as the " Continental model,"'

by which most of the scientific work of our time has been

performed, was evolved out of Martin's reflecting micro-

scope. In designing and executing microscopes Martin
excelled all others of his day. But his fame rests chiefly

on his being the first to construct an achromatic objective.

The possibility of applying achromatism to the micro-

scope attracted the attention of men like Wollaston,

Hersehel, and Brewster, but, notwithstanding the re-

searches of these, its adoption made slow progress. In

fact, there is very little difTerence in the definition of the

image between a microscope made last century and one

made during the first quarter of this. It was achromatism
that gave the stimulus to the discovery of a more precise

means of focussing, and since its application in 1821 by

the French optician. Chevalier, the development of the

microscope has made greater progress than during the

whole former period of its existence. The neglect given

to fine adjustment can only be accounted for by there being

little or no original investigation done with the microscope,

and consequently there was no impetus given to its develop-

ment. The best designs of fine adjustment were first

devised by Englishmen. To Powell wo are indebted for a

system of focussing applied to the nosepiece. In Andrew
Ross' instruments the fine adjustment tube was raised and
depressed by means of a screw acting upon the end of a

lever of the second order, while in those of Powell and
Lealand the screw acted upon a lever of the first order.

The rival to these was the " Jackson system," the fine

adjustment of which was deficient in delicacy and precision,

chielly owing to the extreme shortness of the acting lever.

Lister's discovery of aplanatic foci led to still greater im-

provements in objectives, for his investigations were taken

advantage of by three of the then leading firms of opticians

in London, and very fine objectives were produced after

long and persistent experiment.

The first really pr;ictical immersion lenses wore made
by Prof. Amici, of Modena, and were improved upon by

Hartnack and others, who succeeded in producing such

excellent objectives as to make it possible to resolve the
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most diflicuU testa known to microscopists. Water immer-
sion lenses were constructed by Englishmen about 18110,

who made both new lenses and also new front combinations

to screw on to old glasses. About twenty years ago a

farther great advance was made by l\Ir. J. \V. Stephenson,
of the r>ank of I'ngland, who induced the firm of Zeiss, of

Jena, to construct lenses in which a drop of cedarwood oil

was substituted for water. These were termed homo-
geneous immersion lenses, because the oil being of the
same refractive index as the glass of which the objective

was made, the light from the object passes into the

optical system without refraction. ]5ut for greater im-
provements still we are indebted to the optical knowledge
of Prof. Abbi', of Jena University, in combination with
the mechanical skill of the late Carl Zeiss. In every
achromatic object-glass it is impossible to unite more
than two rays of the dispersed light in the spectrum, viz.,

red and green, the others being left out and forming what
is called the secondary spectrum. It occurred to the
Professor to construct an objective with the mineral fiuorite

—which has a very low refractive index—as a component,
and so to obtain a greater command over the removal of the
chromatic dispersion. He thus devised what are now
known as apochromatic objectives, which are slightly over-

corrected for colour, while the eyepieces used with them
are under-corrected, the result being that three rays of the
spectrum are united and an almost colourless image is

produced. The magnification by means of these eyepieces

may be carried to a large extent, eyepieces having a
magnification of twenty-five times being used with these

objectives without any apparent degradation as regards
colour, especially with the lower powers. This discovery has
been followed by every optician of note, both here and on
the Continent, and it may be truly said that no scientific

work of any importance with the microscope can be done
without an apochromatic objective. The microscope has
by this means been firmly established on a footing which
the telescope can never, we fear, hope to possess. It

" holds the head " in optics, as our French neighbours say.

It is much to be regretted, however, that we are so very
dependent upon foreign workmanship for the optical tools

with which important scientific work is done. Oar British
manufacturers are no longer leading but following, for

most of the firms are making microscopes upon what is

called the " Continental model," the instruments with
which nearly all real scientific work is done at the present
day.

A QUARTER OF A CENTURY'S WORK ON
RESPIRATION.

By C. r. TowNSEND, F.C.S.

AMONG the achievements of this century, the
advance that has been made in our knowledge
of physiology will not be the least. The brain
and the various glands, however, have absorbed
the lion's share of attention, and, until the work

of Drs. Haldane and Lorraine Smith awoke renewed
interest in the subject, the study of the lungs had been
largely neglected. Of the few who have devoted them-
selves to this branch of research, Dr. W. Marcet, F.R.S.,
has been the most constant, and has given a large part of

his life to the solution of the problems connected with
respiration. His investigations have not been confined to

the laboratory, but have been conducted frequently in the

open air at varying elevations, extending from sea-level

to the summit of the Breithorn. Most of the results are

scattered through the TmnH/ictions and Procpciliruin of
till- lidi/iil Socirii/ : but recently Dr. Marcet, as Croonian
Ijecturcr to the Royal College of Physicians, had an
opportunity of summing up the whole of his work.

The early experiments during three summers in Switzer-

land gave decidedly interesting results. The following

stations were chosen :

—

1. Yooire on the Lake of Geneva 1,280 feet.

2. The Hospice of the Great St. Bernard 8,115 „

3. The Eiffel Hotel, Zermatt 8,128 „

1. The Hut in the St. Theodule Pass ... 10,899 „
5. The Summit of the Breithorn ...13,685 „

The person under experiment breathed through a face-

piece made to cover both mouth and nose, and fitted with
ebonite valves, so that the air coming from the lungs

(expired air) should pass without loss to the receiver—

a

large india-rubber bag, communicating with the face-piece

by a flexible tube. Breathing was commenced at a given

signal and continued until a definite volume of expired air

had entered the bag. The time required for the lungs to

expire this volume of air was determined accurately by
means of a stop-watch. The results showed an increase

of carbonic acid given off, equivalent to increased

combustion at high altitudes in the Alps. The actual

weight of air breathed in a given time was less, however,
at high altitudes than at the seaside. It follows that

breathing is easier in the Alps than in the plains.

In order to ascertain whether the increase in the

carbonic acid given off from the lungs, and consequent
greater chemical action, was due to cold or to altitude.

Dr. Marcet, in 1878, determined to proceed to Tenerifl'e,

with the necessary apparatus for continuiug the research.

The baggage included a shed of wood and canvas made to

take to pieces, a chemical balance, a number of sealed

bottles full of standard baryta solution for the deter-

mination of carbonic acid, tubes filled with calcium

chloride for the determination of the moisture in the air

exhaled from the lungs, provisions, and everything necessary

for camping out on the Peak for three weeks. An Alpine

guide from Chamounix, who had assisted the investigator

in his previous expeditions, again accompanied Dr. Marcet.

The great advantages of Teneriffe for this work were,

first, its accessibility ; secondly, its dry climate and its

Peak, which rises sheer out of the sea to a height of over

twelve thousand feet ; but mainly the fact that stations

could be selected at various heights on the Peak, varying

but little in their respective temperatures.

In his book on " Southern and Swiss Health Resorts
"

Dr. Marcet gives a very interesting account of his expedi-

tion up the Peak. The first station was at the foot of

Mount Guajara (seven thousand and ninety feet), and the

camp was made on a patch of white baked clay in the old

crater, which is now mostly a chaotic field of lava. The
landscape is the most desolate and dreary that could be

imagined, nothing but lava and volcanic rocks with an
occasional patch of sand or clay baked by the sun, and a

few straggling bushes of Bhctcvna—a kind of broom. The
heat everywhere on the Peak seems to be very great whilst

the sun is shining. Mr. Piazzi Smith, who was engaged in

astronomical work on the Peak, found the temperature in

the sun on the summit of Mount Guajara to bs 212-4° Fah.

It must have been but slightly less than this at Dr. Marcet's

camp in July and August, although the cold was great at

night. The radiation was intense, water left out in the

open all night becoming a solid block of ice by the morning.

The dryness of the atmosphere on the Peak was quite as

remarkable as the heat. The skin became dry and scaly,

so that it was almost painful to touch anything. Fresh

meat brought up from Puerto Orotava kept good for any
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length of time. Deal boxes split with the heat and dryness,

as did the boots of the two members of the expedition, the

soles coming away from the uppers, so that the party

returned to the seaside in a somewhat dilapidated condition.

From the highest station at Alta Vista (ten thousand seven

hundred feet) two expeditions were made to the cone and
summit itself, but the sulphurous vapours given off pre-

vented any determination of carbonic acid being made on
the summit.
The results of the experiments at Teneriffe showed, as

had been anticipated, that there was no increase in the

carbonic acid given oil' from the lungs

between the seaside and the summit of

the Peak ; so that the increase found in

Switzerland on the Col St. Theodule, the

Breithorn, etc., must have been due to

cold and not to altitude. In addition it

was noticed, as had been the case in the

Alps, that the actual volume of air

breathed, reduced to normal temperature

and pressure, was less than at the seaside.

Experiments were made on the amount
of water exhaled from the lungs at the

seaside and at the three stations on the

Peak. The results showed most distinctly

that the less the atmospheric pressure the

greater the amount of water given off.

This might have been expected, as a

decrease in pressure is known to facilitate

evaporation. In the winter of 1888-9,

Dr. Marcet continued his inquiry into the

subject of respiration. Instead of collecting

the air expired from the lungs in bags, as

had been done in the mountains, bell-

jars were used in this latter work, which
was carried out in the Physiological

Laboratory at University College, London.
These bell-jars held forty litres, and were

so beautifully balanced that it was im-

possible for the person under experiment

to tell whether he was breathing into them
or into the open air. With the use of

these bell-jars Dr. Marcet undertook an
inquiry into the subject of re-breathed

air. One of the bell-jars was filled with

thirty- five litres of air, and the person

under experiment breathed both into and
out of this vessel for five minutes. At the

end of this period, by merely altering the

connections he was enabled to breathe

with fresh air. The air coming from his

lungs was conveyed to a second bell-jar,

previously emptied. The conclusions

derived from this work are interesting.

A large proportion of the carbonic acid

produced remains stored up in the blood,

so that when fresh air is taken into the

lungs large volumes of air are breathed,

because of the desire to get rid of the excess of carbonic

acid. All efl'ects of re-breathing pass away in about six

minutes when fresh air is turned on.

Kegnault and Keiset were the first to observe that all

the oxygen absorbed in the lungs was not returned as

carbonic acid, a fact that has been confirmed by all later

observers. Dr. Marcet found that this "occluded oxygen"
was greatest in the hour that follows a meal, falling oS',

apparently, after that period ; but the changes in this

absorption of oxygen are so great that it is difficult to

follow them at all closely. This oxygen is used obviously

in tissue changes apart from mere combustion. We do not

know by what process carbonic acid is generated in the

body, but, according to Hermann, there is no single

instance of direct oxidation in the chemical phenomena of

life.

After completing this chemical work by the aid of an

ingenious burette he had constructed for the purpose, Dr.

Marcet undertook an investigation into the different forms

of human respiration. Beginning with normal breathing

in a state of repose, experiments were made on forced

or laboured breathing, respiration under exercise, and

BREAIHINO CHART.
t.trca.
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clockwork was started ; the combined movements of the

drum anil the rising bell-jar giving a diagonal tracing

or curve on the paper, showing exactly the rate at which
the air was expelled from the lungs. The kindness of l)r.

Marcet enables us to reproduce one of the charts, and a

reference to it will enable the reader to understand the

nature of the experiment better than any amount of

explanation. 'i'he bottom curve A A shows normal
breathing with the body in repose ; the next curve shows
the working of the lungs under forced breathing

—

i.e.,

when taking scries of deep breaths intentionally—and the

after-effect when the person returns to natural breathing

;

the top curve shows the ciVcct of exercise on the breathing.

In the bottom tracing it will be noticed that the curve

is practically a straight line, showiut,' that about three and
a half litres per minute were taken into the lungs regularly.

In the middle curve two and a half times as much air was
taken into the lungs as in natural breathing ; after this

follows a short " pause," which is more marked in some
of the other charts, then an increase above the normal,

followed by a return to natural breathing. Sneezing,

sighing, and yawning may all be considered as different

forms of forced breathing.

The experiments on breathing whilst under exercise

were carried out by " marking time " in military fashion

—

raising the feet a given distance off the ground, keeping

time to a metronome, so that the work done could be
measured approximately. The tracings obtained whilst

breathing under exercise differ considerably from those

illustrating forced respiration, especially on the return

to natural breathing. During exercise the respirations,

though deeper than the normal, are less deep than
in forced breathing, and immediately on sitting down
the line continues its upward tendency, showing no
pause as in forced breathing ; then returning parallel

to the normal. In talking, singing, reading, and
coughing, the respiration assumes the form of breathing
under exercise ; but in talking and reading, where
the strain on the lungs is very feeble, the tracing

returns parallel to the normal almost immediately after

the exercise has come to an end. A similar remark
applies to singing : a practised singer will never become
breathless after singing, hence the curve in such cases

will return immediately parallel with the normal. In
singing, however, a marked difference was observed in the

breathing when standing and when sitting. The tracing

obtained in the latter position resembles the " forced
breathing" curve almost exactly, which is not the case
when standing, so that the erect position is the correct
one for singing.

Another fact of interest to athletes and people who
run for their trains was demonstrated. It was found
that if on sitting down after "stepping exercise" one
or two deep breaths were taken immediately, the breath-
lessness passed away at once, because the carbonic
acid accumulated in the blood was thus got rid of.

It follows from this observation that in case of extreme
breathlessness, as would occur after running for a train,

•great relief would be experienced from taking a few deep
breaths.

Some novel experiments were made by Dr. Marcet on
the effect of the exercise of the will on respiration. The
person under experiment sat down in a chair, and imagined
himself to be engaged in some form of physical exercise,
such as running after somebody up a hill or rowing against
the tide. Whilst his imagination was at work the air

from his lungs was collected and the recording instrument
set going. The tracing obtained was not that of natural
breathing, but resembled the "forced breathing" curve,

followed by the same pause that is always observed after

forced breathing. It must be remembered that the

breathing was not forced intentionally, and after a long

series of experiments Dr. Marcet has come to the con-

clusion that an increased supply of oxygen is actually

needed by the brain centres that are at work. This
would take too long and is too technical a matter
for us to go into here, but full particulars will be

found in the third of the Croonian lectures, published

in the Lancet and Britisk Mfdicid .hnmud for IKD-T. The
question will be considered also in vxtcnso in a book by
Dr. Marcet now in the press.

THE REV. FRANCIS WOLLASTON, AMATEUR
ASTRONOMER.

By W. T. Lynn, B.A., F.K.A.S.

THE Kev. Francis Wollaston was for nearly half a

century rector of Chislehurst, in Kent, where he
made a considerable number of useful astronomical

observations. It is an interesting circumstance that

the list of Fellows of the Royal Society in 1815 and
a few previous years includes the names of this astro-

nomical amateur and of three of his sons ; one of the

latter the celebrated chemist, and another the Rev. F. J. H.
Wollaston, for some years Professor of Natural Philosophy
at Cambridge, and afterwards Archdeacon of Essex, and
vicar of South Weald, in that county. Francis Wollaston
was born on the 2Brd of November, 1731. He was the

eldest son of Francis Wollaston, of Charterhouse Square,
and grandson of William Wollaston, the author of that

well-known work, " The Religion of Nature Delineated."

Young Francis was sent to Sidney Sussex College, Cam-
bridge, in the month of June, 1748, and two years after-

wards was admitted to Lincoln's Inn with a view to entering

on a legal career ; but conceiving a distaste for it, because
he saw that barristers took any side for their clients,

whether right or wrong, he returned to Cambridge,
graduated LL.B. (since it was too late to take a degree

in arts in the regular course), and entered into orders,

being ordained deacon in 1755 and priest in 1756. In
the latter year he returned to his father's house, and under-

took the Sunday morning preaching at St. Ann's, Soho,
for Dr. Squire, afterwards Bishop of St. David's. In the

summer he married Miss Althea Hyde, fifth daughter of

Mr. .John Hyde, of Charterhouse Square, soon after which
he was instituted to the rectory of Dengey, in Essex. In
17G3 he obtained the living of East Dereham, in Norfolk

(where William Hyde, his second son, was born in 1766),
which he held until 1769, when he was collated to the rectory

of Chislehurst, in Kent, where he remained until his death

forty-six years afterwards, zealously discharging all the

duties of a parish clergyman amongst a small country popu-
lation. The liberality of his mind towards those who difi'cred

in doctrinal views led him to take rather a prominent part in

an agitation respecting relief in the matter of subscription

to the Articles, which caused him to be unjustly suspected

of a tendency to Socinianism. In consequence of this, and
the abortiveness of the attempt about subscription, he
determined to enter no more into controversial matters,

but devote his leisure to the study of astronomy. His
earliest recorded astronomical observations were, I believe,

those of occultations and other phenomena made in 1776,
and published with later ones in the Phihtsoplucnl Truns-

actions for 17SJ-. In the following year he contributed a
I paper (read April 7th, 1785) to the Royal Society on " A
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Description of a New System of Wires in the Focus of a

Telescope for observing the comparative Right Ascensions

and Declinations of Celestial Objects." Next year (1786)

he was elected a Fellow of the Society, and communicated

a paper containing observations of a comet which had been

discovered by Miss Herschel on the 1st of August in that

year, and which he observed during August and September.

We do not meet with any other papers of his until 1793,

when he communicated on May 9th a " Description of a

Transit Circle for determining the Places of Celestial

Objects as they Pass the Meridian ;
" and after this the

results of his astronomical observations appear in separate

works. The l-'usciciilus Astronomii-us was published in

1800, and contains an extensive catalogue of northern

circumpolar stars, with some account of the transit circle

(described in the paper just mentioned) with which the

observations were made ; also of a portable altitude and
azimuth instrument made for the author by Templeton,

and various tables used in astronomical calculations. The
observations were made in the years 179i-7, and reduced

to the beginning of 1800. The author also took the

trouble of comparing them with places deduced from ob-

servations made by Flamsteed, Hevelius, and earlier

astronomers, and points out a mistake fallen into by

Flamsteed in giving the date HQ'S to the catalogue of

Ulugh Beigh. The date assigned is 8-11 of the Hegira,

which took place in a.d. 622 ; but as the mean Moham-
medan year (allowing for the intercalary years) consists

of 354-366 days only, eight hundred and forty-one of their

years amounts to only about eight hundred and sixteen of

our calendar years, so that 841 of the Hegira corresponds

most nearly to a.h. 1438. WoUaston had published some
years before a " Specimen of a General Catalogue of Stars,

arranged in Zones of North Polar Distance." In that he

had inserted some notes on double stars by Herschel, who,

it appears, objected to the abbreviation (from want of

space) of these ; therefore, in the Fasciculus all such par-

ticulars are omitted, references only being given, as before,

to Herschel. In closing this account of Wollaston's astro-

nomical work, we need only further mention his star-

maps, published in 1811 (when the author was eighty

years of age\ from observations extending over several

years, under the title, " A Portraiture of the Heavens." It is

remarked that some of them were found useful in observing

the comet of 1807. Wollaston died at Chislehurst on the

81st of October, 1815, in the eighty-fourth year of his age.

The (icntlciiiiin's Ma/icninc for February, l''-il6, contains a

short appreciative obituary notice of him.

THE TOTAL ECLIPSE OF AUGUST 9, 1896.

By E. Walter Maunder, F.R.A.S.

IT
is difficult to write a satisfactory account of an
eclipse expedition to which a sight of the eclipse

has not been ^ouchsafed, and, as all the world now
knows, that has been our fate at Vads<i.

Nevertheless, there is a story to tell, though but

a meagre one compared with that for which we had hoped.

The various preparations for drawing and photographing

the corona and for photographing the spectrum were
necessarily of no avail, and it would appear useless to

recount again the details of programmes which the

weather defeated. Something, however, was done. The
general .spectacle of the eclipse was watched with sedulous

care by scores of observers, most of whom, under more
fortunate circumstances, would have had their whole
attention fixed upon their instruments ; so, though thick

clouds concealed the sun almost without a break for the

whole period of the ecUpse, yet the weird effects of the

gradual darkening were watched with great minuteness.

The edge of the shadow was distinctly seen by several

observers as it swept upwards from the south, some
observing it on the clouds, others on the hills and fjord.

The shadow appeared to travel from the south, not from
the west—the direction in which the track of totaUty

really lay— this eilect being due to the oval shape of the

shadow itself, and the fact that the central hne was south

of ^'ads'i, where the observers were stationed. With the

sweep of the shadow across the country there came a

distinct increase in the darkness, an increase so distinct

that it was possible to assert with great confidence that

the predicted time of the commencement of totality, as

given by the Xmitical Almanack, is quite four seconds too

late ; the duration would appear to be practically correct,

as the return of light—more sudden and more easily

marked, in the opinion of nearly every observer, than the

accession of darkness—took place about three seconds

before the tabular time.

Regarded from the point of view of actual amount of

illumination the darkness was not excessive : it was
probably less than in any recent eclipse—less even than it

would have been had the sky been clear. It was perfectly

easy to read the seconds hand of a watch even at mid-
eclipse, distant objects were still retained in sight, and
the surrounding features of the country did not entirely

lose their colour. The total light did not probably differ

very much from that of a bright night at the full of the

moon, but the impression produced was of a totally

different character. Instead of the cold but cheerful light

of the moon—a light felt to be beautiful and helpful—the

light of the eclipse could only be regarded as darkness,

a terrible darkness, darkness made visible, darkness that

might be felt.

It is not possible to explain exactly the cause of this

feeling, one which the most stolid and the most cynical

were alike obliged to confess to. Possibly the speed with
which it came on, continually and inexorably increasing

without any obvious cause, had something to do with it.

Possibly it may have been rather due to the strange

colouring of earth and sky, for, above, the heavy clouds
which almost entirely covered the heavens were dyed a

deep purplish black ; below, the dark rocks took a hue as

sombre and deep, though perhaps of a more bluish tone ;

whilst in the few narrow rifts, especially immediately
below the sun, in the east and away between dips in the
hiUs to the north-west and south a bright amber light

appeared. It was as if a funeral paU with a golden fringe

had been laid upon the face of nature.

The effect of the darkness upon men and animals was
the same, as has been so frequently noticed in other

eclipses wherein the sky has actually been clear. The
birds flew home straight and low and with shrill cries of

terror as the gloom deepened. The goats on the island

of \'adsi>, where the liritish .\stronomical Association were
encamped, whose restless curiosity had made them a sad
plague to the party during the previous week, hid them-
selves in the hollows of the rocks and lay down to rest,

and all conversation amongst the large crowd of onlookers
entirely ceased. Even a little baud of obstreperous
(iermans from the F.iUng .lail, who had made them-
selves offensive by their disorderly conduct before the
eclipse began, were awed into silence, and the most pro-

found stillness prevailed until the return of light.

No stars were seen in any of the small breaks which
the clouds afforded. Indeed, these looked far too bright
for any such to have been seen.

Nothing is more ditVicult than to give such a description
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of tlie appearance of the light during totality as to enable

those who have not seen an eclipse to realize it. One
observer spealcs of " sea, sky, and hills all becoming an
intense livid blue"; others preferred to call it the "deepest
indigo purple" they had ever witnessed; others again
differentiated between the tone of cloud and laud, and
spoke of the former as being of a " cold dark-grey black,"

whilst the hills retained in their blackness some tinge of

blue or purple. lUit there was a general opinion that

the colour of the amber and ruddy rifts were not only
like " sunset colours," but had identically the same origin.

Mr. Green nrges that the golden light so conspicuous at

sunset is always present at its proper low altitude in the
sky ; it is only that it becomes more conspicuous when
the daylight fades as the sun sinks below the horizon.

On this hypothesis there is no need for wonder that the
amber and ruddy tints seen in the low-lying rifts appeared
so vivid. This would naturally follow as an effect of

contrast with the dark masses of cloud and rock above and
below them.
And now for the lessons of the eclipse, for though we

were not fortunate enough to see it, our experiences have
their lessons.

First of all, the fact that a magnificent view was afforded

at Bodo, where the small altitude of the sun rendered
success so unlikely, whilst at Vadso, and at Bugonu'S,
where the chances seemed reasonably good, the eclipse

was hidden by clouds, reinforces and drives home the
lesson taught by a dozen previous eclipses, that no
accessible station whatsoever must be left unoccupied

;

and ;hat those who are sufficiently self-denying as
to adopt a location apparently hopeless, may, in spite

of meteorological reports, carry off the prize even before
those who have stationed themselves where all seemed
promising.

Another lesson, not less important, is that of the value
and necessity of drill. The work accomplished by Prof.

Lockyer and his assistants at Syd Yaranger was most
remarkable, and calls for very full recognition. The
organization of practically an entire ship's company as an
observing staff, and their training into a state of thorough
preparedness, was a most remarkable achievement.

If Mr. Lockyer's achievement was surpassed, then I

think the British Astronomical Association may lay claim
to that merit. In many ways the task before the officers

of the Association was a far heavier one than that before
Prof. Lockyer. The number of observers to be brought
into line was considerably larger, and these were not naval
officers well accustomed to strict discipline and exact
obedience, but independent ladies and gentlemen out on a
holiday excursion. Nevertheless the task was accomplished.
The observers were organized, trained, and exercised, and
on the morning of the eclipse each was in his or her
appointed place, knowing what to do, and confident, from
the rehearsals that had taken place, as to their ability to

accomplish it. That this was possible was due, lirst, to the
unsparing earnestness of those undertaking the work of

organization

—

Br. Downing, Messrs. Crommelin, Evershed,
Green, and Lunt "Wesley, and the Rev. J. Cairns Mitchell
—and, next, and not less, to the most cheerful and ready
co-operation and help, not only of those who had come out
expressly as observers in connection with the British
Astronomical Association, but also those who had come
merely to make a holiday, and to see an unwonted
spectacle.

Lastly, I think that it is clear that the equatorial in its

ordinary form will be less and less the eclipse instrument
of the future. In some cases the most convenient device
will be that adopted by Prof. Schaeberle, in 189.3, and by

Dr. Copeland on the present occasion, of a fixed telescope

and a travelling plate, the motion of the plate being
regulated to compensate for the motion of the sun. In
many respects, a better way of getting over thedilliculties

of a fixed telescope is by the use of an auxiliary mirror,

mounted in one of several ways. The ordinary heliostat

has the drawback that it is not suitable for any but very

short exposures, on account of the apparent revolution of

the imago. The double heliostat overcomes this ditiiculty,

but at the cost of a second deflection. The polar heliostat

requires the telescope to be parallel to the polar axis, often

a very inconvenient arrangement. On the whole, the

Ctt'lostatic method, employed for the first time in this

eclipse, appears to offer great possibilities, and will

probably obtain greater favour as time goes on.

For those, however, who have only small instruments
at their disposal, and especially cameras in which the focal

length is small and the aperture relatively large, there can
be no doubt that the best plan, in default of the assistance

of a cu'lostat or its equivalent, will be to fix the instru-

ment rigidly pointing to the sun, to dismiss all idea of

following, and to limit the exposures, so that tho blurring

due to the apparent motion of the sun v^ould not be

appreciable in the time.

The above remarks apply, of course, only to photographs
of the corona itself. The inner portions of the corona are

so bright, and the best modern plates so sensitive, that an
exposure practically instantaneous is sufficient to obtain a

good record. The experience of former eclipses shows
that the tendency has been distinctly to over-expose—even
with the less rapid plates formerly available— and, indeed,

save under the most exceptional conditions of sky, a limit

is soon reached in which further exposure, instead of

bringing up more coronal features, only brings up the

general sky illumination. It has become, therefore, clear

that short exposures must be the rule, and, if short, there

is the natural desire to obtain as large a number of these

as possible. The crucial question then becomes, how to

obtain the greatest possible number of exposures, without,

in the process of changing plates, setting up such tremors

as will destroy all definition '? To effect this it is of first

necessity that the telescope itself be as stable as possible,

and this can be far better secured where it is immovably
fixed than where it is equatorially mounted and driven by
clockwork.

As to the methods of changing plates, there seems little

advantage in one over another. Perhaps the method
which promises best is that of a separate dark slide for

each plate, the dark slide being made to rest on the end
of the camera, not to fit into a tight groove—to be held in

its place by an easily moved spring, and the shutter of the

slide to open door fashion. The changes in this case will

probably be made as quickly, if not more so, than by any
arrangement of changing boxes, revolving drums, or long

continuous slides ; it will be much less weighty, less liable

to jar, and free from all possibility of sticking at a critical

moment.
For spectroscopic work, the conditions are quite different,

and vary with the different departments of work to be

attempted. Here the equatorial may still hold its ground,

though the balance of convenience will be greatly on the

side of the coelostat.

Lastly, the one great lesson which the disappointment

of Vadso seemed to enforce upon all those who suffered

from it, was to leave no stone unturned to secure that

they should take part in the observation of the next solar

eclipse, that visible in India in January, 1898, whence, so

far as mortal can foresee, there will be little or no fear of

the untoward weather that battled our efforts in Finmark.
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PHOTOGRAPH OF NEBULOSITIES NEAR ANTARES AND NU SCORPII.

Taken by riofcssor E. E. Baenabd, at the Lick Observatory, Mount HamUton, California,

on June 21—22, 1805. Exposure, 71i. 30m.
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EXTENDED NEBULOSITY ROUND ANTARES.
By Prof. E, E. Babnard, F.E.A.S. i

IN
the Astronomiche Naclirichten, Band 138, Xr. 3301,

I have given an account of a sreat nebula near

Antares, which is shown on my photographic plates

of that region, made with the Willard lens of the

Lick Observatory in the spring of 1895.

Several photographs of this nebula were secured during

the season of its visibility in that year. These pictures

show that the sky at that point is quite as extraordinary

as the nebula itself. Indeed, the stratum of stars, the

long vacant lanes, and the nebula are all so apparently

connected that one can hardly doubt that there is an
actual connection existing here, and that these objects are

but different features of the same phenomenon ; that is,

the nebula, the vacant lanes, and the sheeting of stars

appear all to be at the same distance and intimately

connected.

From the accompanying photographs it will be seen

that the condensations in this nebula occur at certain

bright stars—Rho Ophiuchi, 22 Scorpii, and others. From
this it is certain that these stars are at the same distance

as the nebula, for they form part of it. By inference it

would therefore appear that these bright stars are at the

same distance as the stratum of small stars through which
these vacant lanes run.

If this is so—and it seems reasonable—these photographs

prove what I have held to be the case for many years: that

the stars which make up the general structure of the

Milky Way are comparatively very small bodies, and that

they consequently differ vastly, in point of size at least,

from the ordinary stars of the sky.

The original negatives show that Sigma Scorpii and
Antares are also connected with this great nebula by

fainter nebulous extensions, though they are not centres of

condensation. It would seem, therefore, that not only are

the Milky Way aud the nebula here at the same distance,

but that many, if not all, of the bright stars in this region

are also at about the same distance from us.

The late lamented A. C. Ranyard, formerly editor of

Knowledge, and one of the brightest minds that have

adorned the astronomy of to-day, long held that the general

stars of the Milky Way were smaller than the average

stars of the sky elsewhere. The photographs which I

have obtained of the various parts of the MUky Way, I

think, prove this in many cases, but in none so emphati-

cally as in these pictures of the Antares region.

One feature about this nebula that seems to distinguish

it from the other great nebulosities of the Milky Way is

the fact that it strongly condenses about these several

bright stars (Rho Ophiuchi, 2'2 Scorpii, and the two small

stars Cord. Dur. —24' Nos. 12G83-4), and thus shows un-

mistakably its connection with them. The other great

nebulosities of the Milky Way seem to be mixed freely with

the stars, and not to condense about any individual star.

Even in the case of the condensation of the great nebu-

losity of 15 Monocerotis, though it is denser at the several

bright stars it does not actually condense at any one of

these stars. In its manner of condensation at the several

bright stars, the great nebula of Rho Ophiuchi resembles

the nebula of the Pleiades, for there is an actual con-

densation at bright stars, and not alone a simple involving

of the stars within the limits of the nebula. 1 have
prenously called attention to this peculiarity of mixtures
of stars and nebuhr in Astionoimj and Astrophysics.

" There is one point, however—and it may be an im-

portant one—where the Pleiades differ from the rest of

these nebulous clusters. In its case the nebulosity is

condensed about the iudividual stars ; in nearly all the

other clusters referred to the nebulosity does not seem to

attach itself to any individual star, but simply to involve

the group, the stars themselves not showing any special

tendency to condensation individually."

I think this peculiarity of condensation or non-con-

densation is an extremely important one, and well worthy

of special attention from those who are interested in such

subjects.

In the original photographs of the Antares region there

are different degrees of darkness in the vacant lanes that

run easterly from the nebula.

There arc darl: hohs in these vacancies.

This would seem to show that all this region—lanes

and star areas—is covered with a vast diffusion of nebu-

losity, and these darker places in the vacant lanes are thin

places or holes in this nebulous veiling. However un-

explainable these features may be, they are real, and are

verified by the different negatives. Indeed, I believe that

all this region, as far east as Theta Ophiuchi, is covered

by a vast sheeting or substratum of nebulosity. Still east

of this is another region where the Milky Way is of &

nature wholly different from any other part—that is, it

looks like neither stars nor nebulosity, and I believe that,

in the ordinary sense of the words, it is neither.

On the upper part of the unenlarged picture of this

region, the star •/- Scorpii is shown to be in a great wing-

like nebula— a very remarkable object and unknown pre-

vious to the making of these photographs. This nebula

does not condense about »-, but extends from it great

wings of light. I think I can trace diffusions of this nebula

to a connection with the great nebula of Rho Ophiuchi.

It is certainly connected with the nebulous mass that is seen

to surround the two stars B.D. —19= No. 4358 and —19°

No. 4361 (this last star is 18550, 16h. 12m. Is. - 19^ 40^.

With a one-and-a-half-inch lantern lens the great nebula

of Rho Ophiuchi is shown to extend in a feeble diffusion

to several degrees south and west of Antares and Sigma

Scorpii.

The position of Rho Ophiuchi, Yarnallj 6970 for 18600,

is in a = 16h. 17m. 12s., 8 = - 23^ 7'. >- Scorpii, Yarnall,

6810 for 18000, is a = 16h 3m. 52s., S= - 19^ 6'.

It would seem that these stars, which are shown to

form a part of this great nebula, should be productive of

extremely interesting results if investigated with the proper

spectroscopic apparatus.

It will be seen that the great nebula occupies a vacancy

here among the thickly strewn stars. From this vacancy

dark lanes, with singularly abrupt and well-defined edges,

run easterly for many degrees. One of these lanes runs

in a broken manner as far east as Theta Ophiuchi, and,

sweeping around that star, turns under it westward again,

as shown in the photograph pubhshed in Knowlepge for

November, 1894. {See also the Astrophysical Journal for

December, 1895.)

I have before called attention to the fact that these

great nebula; of the Milky Way either occupy a vacancy

among the stars or are on the edges of such a vacancy

—

such nebuhi', for instance, as the great nebula near

a Cygni, that of 15 Monocerotis, the one near J Peisei, and

the present one near Antares. This is a very significant

fact, that deserves careful attention.

Kot(ft9 of Boofts.

The Elements of Physics. By Edward L. Nichols and

William S. Franklin. Vol. I., Mechanics and Heat.

Pp. 228. Illustrated. (New York ; Macmillan & Co.)
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The necessity of a good knowledge of matliematics in the

proper study of physics is illustrated by the fact that the

present volume, called with somewhat doubtful policy

"The I'jlemcnts of Pliysics," requires a kuowlid^'o of the

calculus, and does not shirk the difficulties of the subject

in the way that ordinary text-books usually do. In

Part I. the subjects treated are physical measure-
ments ;

physical quantity ; laws of motion, falling bodies,

projectiles ; harmonic motion, statics, energy ; moment of

inertia, the pendulum ; elasticity, friction of solids ; hydro-

mechanics ; and chemical physics : while Part 11. includes

chapters on thermometry ; calorimetry ; the properties of

gases, and thermo-dynamics. Tlie regions of electricity and
magnetism and of sound and light have been allocated to

two other volumes. The distinctive features of this book are

the systematic way in which the principles of physical science

are developed, the conciseness of the statements made, and
the fundamental accuracy of the various proofs and demon-
strations described. Advanced students of physics will

have little difficulty in working through the volume, and
they will find that by so doing they will not only bind
their ideas more firmly together but will also extend their

knowledge. The authors seem to hold that students of

physics should first read text-books and attend lectures and
demonstrations, and finally make physical measurements
in the laboratory. This may be the proper plan for

students in colleges of University rank, though we doubt
whether it is an ideal one. Lectures and demonstrations
may make mathematical physicists, but the best way to

foster investigation is to begin with laboratory work
instead of ending with it.

A Coiiipatdium of General Botany, By Dr. Max Wester-
maier. Translated by Dr. Albert Schneider. Pp. 299.

Illustrated. (New York ; John Wiley & Sons. London :

Chapman & Hall, Limited.) So many good scientific hand-
books are translations from the German that it is a wonder
the cry "Made in Germany" has not been applied to

them. Especially is this the case with biological and
psychological works, and scarcely a month passes without
the appearance of two or three of them. The reason is

not far to seek : German scientific men have an infinite

capacity for collecting facts, and for piling up information
into l.fhfh'dcher. Prof. Westermaier's work is not perhaps
so diffuse as others from the Fatherland, and students of

botany will certainly be grateful for Dr. Schneider's trans-

lation of it. It is truly a compendium of general botany,

and its value as a text-book lies in the logical and scientific

treatment of the subject-matter. The arrangement adopted
testifiestothis; it is as follows:—(I.) The cell. (II.) Tissues:

(n) structure of tissues and simple organs
;

(i) differentia-

tion of tissue. (III.) Systems of organs. (IV.) Kepro-
duction. {\ .) General chemistry and physics of plant life.

(VI.) System of plant classification. To the necessarily

limited test on these matters numerous references to

standard authors are added, as an inducement to the
student to extend his reading. The work was written

for use as a text-book of elementary instruction for

German Hvchschuhu, which are, as is well known, far

in advance of our own high schools. Dr. Schneider's
translation is a readable rendering of the original, and
we have no doubt it will do good service to botanical

science.

Text-Bool; of Comparative Anatomy. By Dr. Arnold Lang.
Part II. Translated into Enghsh by H. M. Bernard, M.A.,
and Matilda Bernard. Pp. G18. Illustrated. (Macmillan.)
The first part of this translation of Prof. Lang's work
appeared in 1891, and it is to be regretted that there

should have been so much delay in the completion of the
work. The delay is partly due to the tardy issue of the

concluding parts of the German edition, and partly to

the great difficulty in giving a faithful and lluent rendering
of the original. The present volume deals with the
Mollusca, I'^chinodermata, and Ihiteropneusta, and the

entire work forms a text-book of the comparative anatomy
of the invertebrata. But the phyla described in the
volume under notice are treated nmch more comprehen-
sively than is usual in text-books—so elaborate, indeed,

are the chapters on the Mollusca and Echinodermata, that

they constitute valuable treatises on these groups of the

animal kingdom. The text is lavishly illustrated, and
the majority of the cuts are new. Prof. Lang has adhered
to his method of excluding from the descriptive text the

names of the authors whose observations and statements

he has used in the construction of his work. In place of

this a list of works consulted, and bearing upon the subject,

is given at the end of each chapter. Some dissatisfaction

was expressed at this departure from the historical method
when the first part of the translation appeared, and
the adverse criticism then aroused applies equally well

to the volume before us. In a work of this character,

references to papers and authors should be given in foot-

notes, so that students may know exactly where to seek

further information upon any particular point described.

No bibliography can entirely compensate for the omission
of such finger-posts to fuller knowledge. This point

aside, it is almost unnecessary to tell zoologists that

Prof. Lang's book is of a high order of excellence, and
that the translators have very successfully put it in

English dress.

A Dictionary of the Xames of Minerals, includiny their

History and Etymology. By Prof. Albert H. Chester. Bvo,

cloth, 15s. net. (Chapman & Hall.) In this work the

author has endeavoured to give the history and etymology
of every mineral name, including the following points :

—

1st, the name correctly spelled ; 2nd, its author ; 3rd, a

reference to its first publication ; 4th, its original spelling
;

5th, its derivation ; 6th, the reason for choosing this par-

ticular name ; 7th, a short description. These particulars

are fully given in most cases, but a number remain incom-
plete, and a list of such is given in the hope that informa-

tion may be elicited, to be used in a subsequent edition.

Chemistry in Daily Life. By Dr. Lassar-Cohn. Trans-

lated by M. M. Pattison Muir. (H. Grevel & Co.)

Illustrated. 6s. Mr. Pattison Muir, in his preface to the

translation, says that when Dr. Lassar-Cohn published

these lectures in book form they caused quite a stir in

German circles ; and we are pleased that he has under-

taken the work of putting the book into English. Although
the subject matter is very disjointed, the author has
certainly managed to give an account of the chemistry of

manufactures of substances used in daily life in a way
which would be intelligible to a reader who had no know-
ledge of chemistry. It is surprising, when one thinks of

it, how much the chemical arts at the present day are

interwoven into our daily life, and a book of the character

of the one before us cannot therefore fail to be of interest

to the general reader. AVhen we mention that argon,

X rays, bimetallism, cordite, colour photography, incan-

descent gaslights, all receive appropriate treatment,

sufficient proof is surely advanced to show that the book
is popular and up to date.

Outdoor Life in Ewjland. By Arthur T. Fisher.

(Bentley & Son.) This book is a series of chatty sketches

of natural history and sport—chiefly the former. The
author conveys his information in a very pleasant way

;

and although he tells us that he does not pose as a

naturalist, yet his knowledge of nature is both extensive

and sound. He writes of many things—animals, birds.
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fish, plants, shooting, hunting, fishing, and poaching. We
may mention that the black rat (Miis rattus) is not so rare

as laid down by Mr. Fisher, who says, " I very much doubt

if it would be possible to procure a single specimen of this

rat at the present time." The book, as a whole, is excel-

lent, and deserves every praise as a popular work on our

outdoor Ufe.

Intniihiction to the Stialij of Fungi, for the Use of CoUecturs.

By M. C. Cooke, M.A., LL.D.,*A.'L.S. Pp.360. Illus-

trated. (A. & C. Black.) Students of mycology know
that a work by Dr. Cooke is always a desirable possession,

and the confidence they have in his productions will induce

them to add this volume to their libraries without con-

sidering the evidence of reviewers as to its value. And
their action would certainly not give them cause for regret

in the present

instance. No
work that we
know of gives a

better account of

the distribution

and classifica-

tion of fungi, and
in none is the

organography
described with

greater regard

for the interests

of students. The
illustrations are

instructive and
suflicient, and
though many of

them are old

friends they are

none the less

truly helpful adjuncts to the text. A serviceable bibliography

is given at the end of each chapter, and these, with the foot-

notes, will be appreciated by inquiring minds. The work,

as a whole, is a valuable introduction to the systematic

study of fungi, and it supplies an acknowledged want. We
regret to note that Dr. Cooke says of it : "It is probably

my last contribution of any importance to British mycology.
'

'

Tlie Astrunoiinj of Milton's " Paradise Lost." By Dr.

Thomas N. Orchard. Pp. 338. Illustrated. (Longmans,
Green, & Co.) Of all the sciences, astronomy best lends

itself to poetical description. A glance at the heavens
when stars are sparkling on the black infinitude of space

is sufficient to inspire anyone, while knovvledge of the

simple laws obeyed by celestial bodies in their motions
gives the poetic fancy still wider scope. Dr. Orchard, by
bringing together the astronomical allusions in Milton's
" Paradise Lost," has added a choice work to the literature

in which cultured men find pleasure. Milton possessed a

comprehensive knowledge of astronomy, and this enabled

him to rise to lofty flights in his sublime poem. Though
he was conversant with the Copernican system, and
appeared to be convinced of its truthfulness, he selected

the Ptolemaic cosmology as the scientific basis upon which
to construct his poem, thinking, perhaps, it was better

adapted for poetic description. How very proficient he
was in the astronomical Icnowledge of his day is clearly

shown by the extracts from " Paradise Lost " given by
Dr. Orchard. The title of the book hardly expresses the

scope of the contents. At least one-half of the text is made
up of descriptions of astronomical objects and phenomena

—

instructive in every sense, but not directly connected with

the subject. We suggest to Dr. Orchard that his volume
should have borne some such title as " Celestial Systems

Branched Carpophore of Peronospora. From
Br. Cooke's Stucli/ ofFungi (A. & C. Black;.

and Objects, with Astronomical Allusions in ' Paradise

Lost'"; at any rate, the Miltonic description of the book
should only form a sub-title.

British Moths. By .1. W. Tutt, F.E.S. (Routledge.)

Illustrated. Written for young entomologists, this

forms an excellent book for the begmner. Besides

giving a good description of the moths and larvje, the

author tells when and where and how to find them, and
also explains very lucidly the phraseology in use in con-

nection with the study of entomology. Some sound advice

is given to the would-be student of the Lepidoptera, and
the book forms quite the best guide and companion that

we know to the youthful collector, and as such we would
heartily recommend it. The illustrations are not of course

so good or extensive as those in more elaborate books, but

the coloured plates, together with the cuts in the text, are

all that is needful in a first book.

BOOKS RECEIVED.
New Ground in Sonraii. By E. J. Goodman. With Ilhiskrations

from Pliotographs by Paul Lange. (Xewnes.) 10s. 6d.

Other Suns than Ours. By Richard A. Proctor. (Longmans.)

Besiills of Sain, Jliver, and Eraporation Observations made in

y. S. ir. Bv H. C. Kussell, B.A., C.II.G., F.R.S. (Sydney : Charles

Potter.) 33. "6d.

Sl-erfchly's Physical Geography. (.Murby's Text Books.) Is.

The Peigii of Perfection. By "Walter Sweetman, B.A. (Digby,

Long, & Co.) 3s. 6d.

The Site of Camulodtinum. Bv I. ChalklevGould. (Mariborovigh

&Co.)
British Mosses, Students' Sandbook of. By H. X. Dixon, M.A.,

F.L.S , and H. fr. Jameson, M.A. (John Whe'ldon & Co.) 18s. 6d.

Artistic Landscape Photography. By A H. Wall. (Bradfortl :

Percy Lund & Co., Ld.)
Xacigafion and Nautical Astronomy. By F. C. Stabbing, M.A.

(Macraillan.) 83. 6d.

As/ronomical 0/iservation.<t and Researches made at Dunsink.

(Dublin : Hodges, Figgis, &, Co.)

Modern Jstrolo(/if for August. (Bouverie St.) Is.

Ocean Rainfall,' with Chart and Tables. By W. G. Black,

F.R.M.3. (2, George Square, Edinburgh.)
The Junior Salon. (Percy Lund & Co , Ld.) 6d.

Science Progress for August. (Scientific Press, Ld.) 2s. 6d.

Photo-Trichromatic Printing. By C. Or. Zander. (Raithby,

Lawrence, & Co., Ld.)

We have received a very useful illustrated catalogue of surveying

and drawing instruments from Messrs. T Cooke & tons. It contains,

among other things, details of a new Tacheograph, which consists of

a combination of a tai'heomcter and a plane table, the joint invention

of Messrs. Victor de Zicgler and Charles Hager. One of these

instruments has been recently su]iplied to the Indian Government
for the purpose of experiment and trial. Messrs. Cooke's i>atent

reversible level still holds its own, we believe, as one of the most
reliable instruments. The catalogue contains details of many other

instruments, besides a very useful ajipcndit, consisting of two de-

siriptive chapters on the adjustment of their levels and theodolites.

iietttts.
[The Editors do not liold themselves responsible for the opinions or

statements of correspondents.]

TIIK TlIEOKi* OF THE TIDES.

To the Editors of Knowledge.
Sirs,— I have read with interest the letters of your

correspondents on the subject of tides, and I cannot help

thinking that, although the details of tidal phenomena are

doubtless very complex owing to the numerous causes at

work, the difficulties of explanation of the outlines of the

main phenomena have been somewhat exaggerated.

Sir John Herschel, in his "Outlines of Astronomy,"
says, when speaking of the tides, that " many persons find

a strange difficulty in conceiving the manner in which they

are produced. That the sun, or moon, should by its

attraction heap up the waters of the ocean under it, seems
to them very natural. That it should at the same time
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heap them up on the opposite side seems, on the contrary,

palpably absurd. Theerrorof this class of objectors ....
consists in disregarding the attraction of the disturbing

body on the mass of the earth, and looking on it as wholly
effective on the superficial water. Were the earth indeed
absolutely fixed, held in its place by an external force, and
the water left free to move, no doubt the ell'ect of the

disturbing power would be to produce a single accumula-
tion vertically under the disturbing body, lint it is not
by its whole attraction, but by the dill'crenco of its

attractions on the superficial waters at both sides, and on
the central mass, that the waters are raised."

He then goes on to say that it has been found by
calculation that the moon's maximum power to disturb the

waters on the earth is about one 12, 560,000th of gravity,

which would be suflicient to make a difference of about

fifty-eight inches between high and low water ; the power
of the sun being about two and a half times less, or about
twenty-three inches.

Your correspondent, Mr. J. Creagh, seems to be under
the impression that if two forces are acting in opposite

directions on a body, that body would act as though it

were affected solely by the more powerful of the two forces,

instead of acting as though it were affected by a force

equal to the excess of one of the forces over the other.

Otherwise he would scarcely say that "the authors" (to

whom he frequently refers, but never by name) " fail to see

that the tidal power of the moon, being almost infinitesimal

compared to the earth's gravity force, could raise towards
herself in direct opposition to gravity neither a particle of

water, nor a grain of sand, nor any portion of matter,

small or large."

This is with reference to the " suction theory." That
which he calls the slip theory " he dismisses on the

same grounds.

In his " weight theory " I do not perceive how, by
" descending to the application of the idea," he arrives at

the conclusion that " in order to account for a rise of only

three feet in their height, a depth of water of between
three thousand and four thousand miles would be required."

G. H. Hill.

To the Editors of Knowledge.
Sirs,—Will you kindly allow me to add a few remarks

to what I have already said upon the interesting problem

of the tides ?

A satisfactory solution might be arrived at, or at any rate

greatly facilitated, if philosophical writers were to definitely

state from what source the tides derive their dynamical

energy. From the test-books it is difficult to say whether

they derive their energy from the moon, or the moon
and the sun combined, or from the earth's rotation ; such

is the ambiguity of the language used and the obscurity of

the ideas entertained by different authors. I may be

thought pedantic for not accepting without demur the

dictum of men much more learned than myself, and for

having an opinion of my own ; but I firmly believe that the

tides cannot derive any dynamical energy from an inert body

like our satellite, neither can I believe that two such dis-

similar bodies as the sun and moon have a similar physical

and mechanical effect upon the ocean. No doubt the sun

—

unlike the moon—does have a dynamical effect upon the

ocean by means of its heat, but this manifests itself in the

form of currents flowing from the tropical to the polar

seas, and are movements totally distinct from and difl'erent

to the tides.

Although the moon is a source of no dynamical energy

to the earth, the latter body may be a source of energy to

the moon, and by its diurnal rotation may also cause the

tides, the centrifugal force acting more powerfully upon
the liquid and mobile ocean than upon the earth's solid

crust.

" We cannot account," as ]\Ir. Proctor says, " for the

moon's peculiarity of rotation, without regarding it as due
to the earth's controlling inlluence "

; and this belief is con-

firmed by the singular coincidence that the energy of the

tides and the velocity of the moon's motion vary concur-
rently and in a precisely similar manner, proving that the
tides and the moon's motion in her orbit must have a

common cause. A\'hat else can this cause be than the

earth's centrifugal force ?

In conclusion I would draw especial attention to the

remarkable correlation that exists between the height of

the tides and the lunar variation. This synchronism—that

the highest tides (the spring tides) should occur when our
satellite is in syzygy, and moving at her greatest speed,

and that the lowest tides (the neap tides) should occur

when the moon is in quadrature, and moving at her slowest

speed—is most significant, and must have an important
bearing upon the causation of the tides, although it is

overlooked or ignored by every author that I have come
across who deals with the theory of the tides.

H. A. CoOKSON.

A LUNAR RAINBOW.
To the Editors of Knowledge.

Sirs,—On the night of June 27th last—a cloudy, dark
night—I was sitting in the verandah of my quarters, when,
just as rain, which had been imminent for some time,

began falling, I was astonished by seeing a distinct band,

which emanated from a patch of light cloud and fell in the

shape of a rainbow into a tank of water in front of my
house. The moon was shining brightly at the time, and
on watching the band I distinctly noticed that it had a

dark reddish appearance on the outside edge and was of a

bluish-green tinge elsewhere. There was also a reflection

appearing of a uniform whitish hue.

I first noticed the lunar rainbow, as I believe it to be,

at 9.48 P.M., and watched it carefully till its disappearance

at 10.1 P.M.

The outer arc or reflection disappeared almost im-

mediately, and the rainbow, as it receded, appeared for a

short space as of a uniform bluish -green hue, and finally,

before its disappearance, seemed to me of a whitish hue
like the outer arc at the commencement.

R. J. D. Sair, Lieut.,

Bhamo, Upper Burma. 80th (5th Burma Bn.) M.I.

SOME CURIOUS FACTS IN PLANT
DISTRIBUTION.-IV.

By W. BoTTiNG Hemsley, F.R.S.

WITH the exception of a brief account of the

new vegetation of Krakatoa, I have so far

only given some particulars of the plants

inhabiting a few of the remote islands of the

temperate and frigid zones of the southern

hemisphere. The countless islands of the Pacific Ocean
within the tropics, as well as the comparatively few

remote isolated islands in the Atlantic and Indian Oceans,

are no less interesting from a botanical standpoint—to

say nothing of their animal inhabitants. The Seychelles

group in the Indian Ocean is specially so. These islands,

upwards of thirty in number, are situated about six

hundred miles to the north-east of Madagascar ; the

largest being seventeen miles long and five in average

breadth, with an altitude of nearly three thourand feet.

Formerly most of the islands were covered with forest, the
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greater part of which has disappeared before cultivation

and fires. Still, sufficient is left in the less accessible

places to give an idea of the composition of the aboriginal

vegetation. Some three hundred and fifty species of

flowering plants and ferns are recorded from the islands,

one-sixth of which have not been found elsewhere. Palms
and screw pines constitute the most striking features in

the vegetation ; the former, indeed, exhibiting a more
numerous and varied development than in any similar

situation in the world. The only approach to it is in

Lord Howe Island, a speck of land less than a quarter of

the size of the Isle of Wight, situated in mid-ocean, about

three hundred miles from the coast of New South Wales.
This island, however, is some ten degrees out of the

tropics, yet it produces four species of palms peculiar to

itself. It is probable that Eastern Polynesia formerly

possessed a more varied palm vegetation than at present,

because, apart from the universal coconut, individuals of

several other kinds are now of rare occurrence, whilst

others may have disappeared altogether.

But to return to the palms of the Seychelles, which, I

may mention in passing, are admirably depicted in the

Marianne North gallery of paintings at Kew, and most of

them may also be seen growing in the large palm house.

Including the coconut, nine distinct kinds of palm inhabit

these islands, and seven out of the nine have not been
found elsewhere. Specially noteworthy among these palms
is the double coconut, or coco de mer, Lodoicea sechellarum,

whose huge, curiously formed fruits were known long

before the tree that bears them was discovered. Like the

coconut, it has an outer fibrous covering and an excessively

hard inner shell. Usually, when divested of its outer

covering, it is a two-lobed body, consisting of two oblong

lobes side by side. Sometimes it is three, four, or five-lobed,

and very rarely six ; and then about eighteen inches in

diameter. There is a fine series of this singular production

in Museum No. 2, at Kew, and young living plants of

the palm in the Victoria and palm houses.

It was not until very nearly the middle of the last

century that the home of the double coconut was discovered.

Previously the nuts had been discovered floating in various

parts of the Indian Ocean, and most fabulous accounts of

their origin and virtues were given, even by writers of

some repute. Among other things the tree was supposed

to grow at the bottom of the sea, and enormous prices

were paid for the nuts by Asiatic and even some European
potentates.

Though not so graceful and elegant as many other

palms, the double coconut is a handsome and striking

object, having a very slender unbranched trunk, from fifty

to a hundred feet high, crowned with a tuft of broad,

plaited leaves. The male and female flowers are borne

on difl'erent individuals, and the nuts hang in clusters at

the base of the leaf stalks. It is, or was, common only in

Praslin Island, growing singly and in groups on the rocky

hills, often almost overhanging the sea.

I will now take the reader to the historically interesting

Island of St. Helena, in the Atlantic ; a rugged, rocky

island, rising nearly three thousand feet above the sea, and
having an area of twenty-eight thousand acres. Its isola-

tion is extreme, being upwards of a thousand miles from

the coast of Africa, and nearly two thousand miles from
the nearest point of the American continent. When first

discovered it was entirely clothed with forests, but no
mammals of any kind inhabited the island. As was
customary in those days, hogs and goats were introduced,

in order to provide food for chance visitors in the future.

The goats especially multiplied to such an extent that

they destroyed the vegetation, or at least prevented

seedhngs to grow up and replace that removed by decay
or felling. The aboriginal vegetation consisted almost
entirely of woody plants and ferns, the bulk of the former
belonging to the great family Composite, of which the
daisies and asters are familiar examples.

It was not until the beginning of the present century
that the island was thoroughly botanized, and it is possible

that some of the native plants had already disappeared

;

at all events, many were already very rare. In 1875 an
exhaustive account was published of the condition of the

then almost entirely displaced native plants, as well as of

the plants that had replaced them. At that date less than
half a dozen of the sixty-five certainly indigenous species

of flowering plants and ferns collected in the island at

the beginning of the century were actually extinct
; yet,

with the exception of a few scattered individuals, the only
remnant of the former flora was high up in the central

ridge of mountains and in inaccessible parts of the island.

Trees that once covered hundreds of acres were reduced to

a few individuals ; some to a single example. Large areas

once covered with vegetation are now bare, in consequence
of the rains having washed the soil from the rocks. In
other parts the ground has been completely taken posses-

sion of by introduced plants from various parts of the
world, prominent amongst which are many British species.

Our common furze is now the most abundant shrub in the

island, afi'ording employment to many natives, who cut it

and take it into the town to be used as fuel. Among
trees the British oak is one of the most thoroughly
naturalized, growing to a great size and producing acorns
in profusion ; and the Scotch fir and alhed species had
been planted to the extent of two hundred acres in 1875.
Thus has nearly the whole surface of the island been com-
pletely altered ; and soon, doubtless, most of the original

plants of the island will be extinct, for they exist nowhere
else in a wild state, and those in cultivation are diflicult

to preserve.

Although St. Helena is rather less than fifteen degrees

south of the Equator, the general character of the aboriginal

liora is not even subtropical. It is like the remains of an
intertropical mountain flora, and turning again to Lord

)

Howe Island for comparison, no greater contrast could be

]

found. This island is situated in 31" 80' S. latitude, yet its

:
vegetation consists largely of tropical types, such as

palms, screw pines, banyans, and epiphytal orchids.

These dififerences suggest many interesting deductions,

among others a much greater antiquity for the flora of

St. Helena.
As already pointed out, a very large proportion of the

native plants of such tropical islands as the Seychelles

and St. Helena are peculiar to the respective islands, and
this holds good for many other islands and groups
of islands ; the Galapagos and Sandwich groups, for

example.
The opposite extreme is found in the numerous coral

[
islands of the Indian and Pacific Oceans, where there are

I

absolutely no endemic or peculiar plants, and the species are

nearly all the same, whether we go to the Keeling Islands, sis

hundred miles off the coast of Sumatra (rendered famous
by Darwin's visit some sixty years ago), to the Ohagos

j

Archipelago in the centre of the Indian Ocean, or to

Caroline Island, upwards of eight thousand miles eastward
ill the middle of the racific. Many of the same plants

are also found on continental seashores throughout the

tropics, where the conditions are favourable ; but to a

less degree in the .Atlantic than elsewhere. Many of these

bocalled islands are really atolls, or rings of islets, rising

only a few feet above high-water level, and enclosing a

central lagoon of varying extent, ranging from a mile
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to fifty miles or more in diameter. A bird's-eye view of

one of these atolls from the masthead of a ship ia very

singular, giving the impression of a circular or oval fringe

of vegetation almost on the surface of the ocean. The
number of species of plants inhabiting these islands varies

from half a dozen to five and twenty, usually representing

nearly as many dilTerent genera and natural orders as

there are species. In some instances the vegetation con-

sists of scattered individuals of herbaceous plants and low
bushes ; in others of dense thickets, and even forests of

trees of considerable size. The coconut palm is usually

the most abundant and most conspicuous feature ; but how
far it owes its presence to human agency is uncertain.

There is no doubt that the fruit, like that of almost all

the plants associated with it, will bear long immersion in

sea-water without injury to the seeds, and seeds that are

cast ashore by unusually high seas germinate and grow.
It is also known that the Polynesians when visiting unin-
habited islands sometimes plant coconut and other seeds.

I'robably more has been done in this way to spread this

useful palm than is generally supposed. Common among
the herbaceous plants are a convolvulus, one or two kinds
of purslane, and in Polynesia a kind of cress. Screw
pines abound in some of the islands ; and other trees

occasionally occur up to fifty feet in height, with a trunk
as much as four feet in diameter.

The natives of these islands subsist almost entirely on
coconuts and fish, the latter being extremely abundant in

the lagoons.

EMERY.
By EicHARD Beynon.

WITH the ordinary uses of emery everyone is

familiar. From time immemorial this valuable

mineral product has been used in burnishing
metals and polishing stones, while during more
recent times it has become an essential factor

in the machinery of the steel worker or user. Few,
however, of those who are thoroughly familiar with the

emery paper or the emery hone of everyday life are aware
of the interesting story embodied in this useful substance.

The emery of commerce is neither more nor less than
an impure form of the mineral corundum. This latter

product contains, or should contain, little else than
alumina—aluminium and oxygen—and the value of emery
depends upon the nearness of its approach to pure alumina.
Ordinarily emery contains about seventy or seventy-five

per cent, of alumina, the chief remaining constituent, so

largely accountable for the dark or reddish-brown colour
of emery, being iron oxide.

Emery does not appear to be what may be termed a

common mineral, though its geographical range is very

extensive. But whether occurrent in ice-bound Greenland,
the United States, the Spanish or Scandinavian peninsulas,

or the more classic regions of the Eastern Mediterranean
or Asia Minor, it is always found in amorphous masses,
usually detached blocks associated with gneiss, granular
limestone, or other crystalline rocks.

So hard a mineral as is emery can only be quarried with
considerable difficulty, and though this is the case the
methods employed in the principal European source of

emery—Naxos, in the kingdom of Greece—are of the most
primitive character imaginable. The mineral is there

found in conjunction with hard limestones, and has in

great part been forced to or near the surface by igneous
upheavals, while aerial and other denuding forces have
further assisted in placing large quantities of emery within

easy reach of the miners or quarrymen. It is, perhaps,

only by a stretch of courtesy that these emery operators

can be designated miners or quarrymen, so little is the

skill which they show in working the mineral. When
a block of emery is discovered, it has to be broken

into small portions so as to admit of easier transit

to the coast. The means employed to effect this

breakage are exceedingly crude and simple, but at

the same time not lacking in ingenuity. Fires are

lighted round the block so as to materially increase any
natural fractures or cracks which the stone may show.

Steel levers and wedges are then employed, and in this

way the most refractory blocks are reduced to sizeable

fragments, which admit of being carried on the backs of

mules to the port of debarkation. Inferior, however, as the

appliances and plant of these Greek quarrymen may be,

the labourers themselves are not without a certain measure
of skill in dealing with the emery. The quarries are

nominally worked by lessees, who indemnify the Govern-
ment for the right of exploiting the mines. The quarrymen
do not brook importations of non-local labour, their sons

succeeding them as labourers at the mines when sufficiently

old for the work. There is thus a certain traditional lore

extant at the mines, which is looked upon by its possessors

as a sort of professional secret and jealously guarded as

such. The miners are paid by the lessees according to

the output—in fact, they sell the emery to the nominal
owners of the mines.

While such primitive methods are employed, it goes

without saying that the mines of Naxos are capable of

much more effective exploitation. As the surface supply

is practically exhausted, it is necessary, of course, to sink

shafts in order to reach the mineral, and the debris thus

excavated is simply dumped on the adjacent bank. Thus
it frequently happens that to reach further supplies these

heaps have to be subsequently removed, a proceeding
necessitating much labour and cost.

In days gone by, when Naxos emery enjoyed a monopoly,
such unscientific methods of working did not matter much.
Now, however, the inferior emery found in the vicinity of

Smyrna is rapidly pushing it from the market. In fact,

were not the quality of the emery of Naxos guaranteed by
the Greek Government, and none but the beat quality

allowed to be exported, the emery of Naxos would ere

this have disappeared from the markets of the world. In

1818 it commanded over M'dO per ton, a price which has

now sunk to about one-twelfth of that amount. These
prices are those for the port of shipment only, the Loudon
merchant charging ici per ton or thereabouts, according

to quality. At present Naxos exports something like four

thousand tons per annum. It is shipped like coals, and on
arrival at the English or other manufactory is broken,

pulverized with stamps, sifted, and then by special processes

made into the hones, emery wheels, emery paper, and such

things, so necessary to the cutter and glass polisher. Such
in brief are some of the more interesting facts relative to

emery.

A CROCODILE MUMMY IN THE BRITISH
MUSEUM.

By H. Spencer.

UNDERGROUND Egypt is continually furnishing

us with new light on the religion, manners, and
customs of the people who lived in the land of

the Pharaohs long before the time of Moses.

The discovery of the Rosetta Stone in 1801

gave fresh impetus to the study of the language known as
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hieroglyphic and hieratic ; thus, with the facilities for visit-

ing Egypt now available, and the fact that the country is

to some extent the foster-child of Great Britain, its history

and antiquities are more generally studied. The majestic

monuments, gorgeous temples, inscribed obelisks, rolls of

papyri, and embalmed bodies in animal and human
form, which for centuries baffled the learned and
astonished the tourist, have been made to tell their

story of battles and victories, arts and sciences, domestic

scenes and funeral ritual, which flourished five thousand
years ago.

The monumental records and inscriptions in palaces and
temples were the principal means by which kings of Egypt
perpetuated the record of their deeds of adventure and
heroic achievement.

It is the tombs, however, which have preserved to us

relics of the life, language, literature, and religion of the

people. It is the mode of embalming, the rolls of papyri,

the provision of all kinds of domestic furniture which were

deposited in the tomb for the use of the soul of the

deceased in the future life, which have given us a means of

reading anew the story of the life and religion and the

part animal worship played in the polytheistic notions of

this pious race.

The varied and interesting collection of mummies,
mummy cases, and funereal furniture contained in the

British Museum has recently been enriched by the

acquisition of an enormous crocodile mummy. This

creature measures thirteen feet in length, and is well

preserved, having a swarm of young crocodiles on its back.

Dr. Pritchard, in his " Analysis of Egyptian Mythology,"

says ;
" The ancient Egyptians believed that the souls which

emanated from the primitive source transmigrated through
various bodies ; nor was this change confined to emanations

of a lower and secondary order. As the souls of men
transmigrated through different shapes, so the higher order

or spiritual agents could, as occasion required, assume any
form they chose ; and sometimes the gods appeared in the

world under the disguise of buUs, Lions, eagles, or other

creatures."

This accounts for the vast army of gods, representing

30 many species in the natural world, which abound in

European museums. These were maintained in their

day at great expense in sacred parks and lakes, and
persons were appointed to nourish them with the greatest

care ; and, when they died, the same sacred rites were
performed over their bodies and the same preparation

was made for their interment as if they had been one of

the highest functionaries of the state.

The famous feUow that has just been added to our
national collection was discovered at Kom-Ombos, in

Upper Egypt, a city where this creature was venerated as

early as 2.500 r.c, and where ruir.s still remain having
paintings relating to the adoration of Sebek. At the

south side of one temple the remains of a large pond have
been found, which probably served to satisfy the amphibious
instinct of this adorable manster. During the reiun of

Ptolemy Philadelphus, u.c. 330, the worship of the croco-

dile reached its highest point.

The method employed in making crocodile mummies
seems to have varied with taste and means. While some
are exquisitely bandaged, others (as in the case of our
latest addition) were simply dipped in a solution of wax
and pitch, which renders them perfectly hard, and by
which the young progeny are securely fixed in the hollow
parts of the back.

This is one of the finest specimens of a mummied
crocodile that we have seen. It was presented to the

British Museum by the Egyptian Government.

SOME NOTES ON SPIDERS.

By Eev. Saiitiel Bakbeb.

IN
a recent article in Knowledge (April, 1895) a graphic

illustration was given of spiders' pugnacity. This

quality is amusingly shown in their conjugal habits
;

the female so often devouring the male that a species

which live together in peace have acquired the

special epithet of " benigna " (Erijatis heni;in(i).

The instinct of spiders in at once attacking a vital part

of their antagonist— as in the case of a theridion butchering

a cockroach by first binding its legs and then biting the

neck— is most remarkable; but they do not always have it

their own way. A certain species of mason-wasp selects a

certain spider as food for its larva, and, entombing fifteen

or sixteen in a tunnel of mud, fastens them down in a

paralyzed state as food for the prospective grubs.

Perhaps the most entertaining points in connection with

spiders are their concentration of energy, their amazing

rapidity of action, and their inscrutable methods of

transition and flotation.

During the past autumn large numbers of these

creatures appeared at intervals. Thus I observed a vast

network of Unes that seemed to have descended over the

town of Whitstable, in Kent, and which were not visible

the day before or the day after. Many were fifteen to

twenty feet long ; they stretched from house to lamp-post,

from tree to tree, from bush to bush ; and within six or

seven feet of the ground I counted, in a garden, twenty-

four or more parallel strands. The rapidity with which

spiders work may be gathered from the fact that, while

moving about Ln my room, I found their lines strung from

the very books I had, a moment before, been using.

Insect hfe, as might have been expected after so mild a

winter and so dry a spring and summer, is (1896) intensely

exuberant. The balance is preserved by a corresponding

number of Arachnida. On May 2.5th and 26th the east wall

of the vicarage of Burgh-by-Sands was coated with a tissue

of web so delicate that it required a very close scrutiny to

detect it. I could find none of the spinners. Every square

inch of the building appeared coated with filmy lines, cross-

ing in places, but mostly horizontal, from north to south.

Walking by the edge of a wheatfield in Sufiblk on May
14th, I observed all over the path, which was cracked with

the drought, dark objects flitting to and fro. They were

spiders—mostly of the hunting order. Tens of thousands

must have occupied a moderate space of the field, and the

cracks in the parched soil aflbrded them a handy retreat.

In reference to the visitation of spiders at Whitstable

during the autumn and winter of 189.3-6, it is right to note

that the people of that place regard them as a sign of an

east wind. In this connection we can note the fact of

phenomenal clouds of flies occurring at times on the east

coast of England ; and it would be interestmg if observers

could ascertain whether spiders ever cross the Channel

and accompany such visitations of insects.

The production of the flotation line, and its method of

attachment, are the two points to which I ask the attention

of observers.

Is it not evident that air (and probably at a high

temperature) must be enclosed within the meshes of the

substance forming the line when it passes from the

spinnerets into the atmosphere ? The creature with this

substance within its body drops to the ground at once by

force of gravitation
;

yet, when emitted, the very same

substance lifts it into the air. It has been usual to explain

the ascent by the kite principle, i.' ., the mechanical force

of the contiguous atmosphere. But air movements,

especially on a small scale, are so capricious and un-
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controllable that, without a directive force, the phenomena
seem quite inexplicable.

Moreover, all my own observations lead me to accept tlie

theory of a direct propelling force, and I can hardly accept

the couclusions on this point of Mr. Blackwall, though he
is an authority on the subject. The intense rapidity with
which the initial movements arc made cannot be reconciled

with any tlieory of simple atniosplieric convection ; and
illustrations such as the following go to prove that spiders

possess the faculty of weighting or condensing the ends of

their threads, and throwing them, within limited distances,

to a point fixed upon.
1 was writing, and had two shoots of quarto before me.

Perceiving a small spider on the paper I rose and went to

the window to observe it. To test its power of passing
through air, I held another sheet about a foot from that

on which the creature was running. It ascended to the
edge, and vanished ; but in a moment I saw it landing
upon the other sheet through mid-air in a horizontal

direction, and picking up the thread as it advanced.
In this case there was no air-movement to facilitate, nor

any time to throw a line upward, which, indeed, would not

have solved the difficulty. Propulsion appears the only
explanation.

The next illustration is more marvellous, and seems to

indicate that some species, at any rate, have the power of

movement through the air in any direction at will.

Some years ago, at a dinner party in Kent, four candles

being lighted on the table, I noticed a thread strung from
the tip of one of the lighted candles close to the flame, and
attached to another candle about a yard off ; and all the four

lights were connected in this way, and that by a web drawn
quite tight. No little surprise was caused among the guests

on finding that the diamond form of the web was complete.

No satisfactory explanation of this has been offered, and
I can only suggest that the spinner was suspended at first

by a vertical line from above, and thus swayed itself to and
fro, from tip to tip of the caudles. It was certain that the

spider could not have ascended from the table ; and it was
equally certain that aerial flotation of the line from a fixed

point was impossible, as it involved floating in four opposite

directions. I have seen a creature of this or a nearly

allied species moving laterally through the air of a room
in this way.

THE AFFINITIES OF FLOWERS.-THE
HAREBELL AND THE DAISY.

By Felix Oswald, B.A.Lond.

FEW subjects are more fascinating to the botanist

than the investigation of the natural relationships

existing between the various orders of flowering

plants. Very often these affinities have become so

much obscured by later adaptations which have
rendered the flower better suited to dift'erent surroundings

that it is not easy to detect, by mere inspection, its more
deeply-seated relations.

For instance, there does not seem, at first sight, to be
any resemblance between a harebell and a daisy ; but in

this paper the attempt will be made to show, by the

study of characteristic intermediate types, that the two
flowers, externally so dissimilar, may yet be considered to

mark the opposite extremes of one and the same series.

Of course it is not intended for one moment to infer that

the one is directly derived from the other ; on the contrary,

they stand to each other in the relation of distant cousins,

very many times removed, the one having retained to a

greater extent the features of the common ancestor, while

the other has become more highly specialized in quite a

different direction. Keeping this principle in view, we
may regard the flowers which are chosen hero to bridge
over tlie gap as indicating roughly the various stages from
a lower to a higher type of structure. It must, however,
bo remembered that these transition forms—harebell,
rampion, sheep's bit, hemp-agrimony, and daisy—have
deviated each more or less from the direct line by reason
of adaptation to climate and surroundings as well as to the
severe competition to secure a place in nature, but most of
all to the requirements of those insects which have (by
parallel development) become best fitted to cross-fertilize

the particular species.

Everyone is familiar with the delicate drooping blue
ilower of the harebell, or witch's thimble—a pale IdIuc so
perfect as to seem to be the reflection of the sky. Let us
now pluck a flower and examine it more closely. The five

teeth on the margin of the bell indicate that it is made up
of five petals. The bell, however, is not formed by the
mere coalescence of the petals by their edges, but by the
intercalary growth of the tissue at their bases raising them
up. Thus the teeth or lappets alone represent the petals.

The body of the bell, as in most tubular flowers, is a new
and superadded structure ; indeed, in some members of

the CampanulaceiB or harebell family—c.//., the sheep's bit

—the corolla-tube is so short that at first sight the petals

appear to be quite separate from each other (Fig. A).

When we come to examine the

really essential parts of the flower,

viz., the stamens and pistil, we find

that they present a different appear-

ance according to the age of each
flower. Thus, just before the flower

bud has opened, the ripe anthers are

closely pressed against the immature
cylindrical style. The latter is pro-

vided with longitudmal rows of small

stiff hairs projecting into the anther-

cells, which have opened inwardly,

, are "introrse"). Consequently, as

the style grows in length, the pollen is swept out of the

anthers by these hairs, and is left adhering to the surface

of the style in a broad zone. The stamens, having now
fulfilled their purpose, shrivel up and wither. This is the

state of things which a newly opened flower presents to

view. The style continues to grow longer, and finally

^
Fio. A.—Single Horet

of Sheep's Bit.

facing the style {i.e.

Fio. B.—Section of Harebell at successive stages. I. Stamens
depositing pollen on style. II. Stamens shrivelled; stigmas still

immature. III. Pollen removed by a bee ; stigmas expanded.

expands at its apex into three branches, exposing the

stigmatic surfaces, which are sticky, in order to catch and
retain the pollen-grains brought from another flower.*

(Fig. B, I., II., III.)

A bee visiting a young flower of the harebell will

* The harebell thus furnishes us with a very clear and instructive

example of the phenomenon termed " protandry "—that is to say, the

anthers reach maturity anil shed their jiollen before tlic stigmatic

surfaces of the same llowcr arc ready to receive the fertilizing grains.

By tliis means self-fertilization is avoided, and the llowcr secures, by
the agency of winged insects, the advantages arising from being

crossed with other flowers of the same species.
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inevitably receive on its legs and abdomen some of the

pollen adhering to the style, since it uses the style as a

support durmg its search for the honey beneath the

spreading bases of the stamens. Subsequently, the bee

will visit a rather older flower in which the stigmas are

expanded on a level with the entrance to the bell, so that

the pollen adhering to the bee's body must necessarily be

transferred to the sticky stigmatic surface. But if, after

all, the flower should fail to be cross-fertilized by insects,

then it takes to self-fertilization as a last resource, and the

stigmas curl right back so as to expose their receptive

part to the zone of pollen round the stj'le.

In the rampiou (Phyteuma), another member of the

CampanulaceiB, we find indications of an advance on the

simpler harebell type. The flowers are no longer on
separate stalks, but are collected in heads ; we may regard

this habit as a step in the direction of economy, for an
insect can evidently visit and cross-fertilize a greater

number of flowers thus arranged without wasting so much
time as if they were each isolated and needing separate

visits. The corolla in the rampion is no longer an open
bell but a narrow cylindrical tube ; the lower part ulti-

mately splits into five ribbons, while the upper part, with a

toothed margin, remains a tube for a longer time. The
pollen is shed (as in the harebell) by the anthers apon
the style within the corolla-tube, and adheres in a broad

zone to the lateral collecting hairs. The gradual lengthen-

ing of the style, as well as the contraction of the corolla

caused by the splitting of the lower part, exposes the zone

of pollen for the visits of bees, while the stigma itself

remains immature for a day or so longer before unfolding its

branches (Pig. C, i.). In the absence of visits from insects.

C«3

Fio. C. - Single (loret of Rampion. I. Stigmas immature
expanded above the zone of pollen.

II. Stigmas

i

V

self-fertilization may, however, occur in the rampiou
precisely as in the harebell, by the excessive curling back of

the stigmatic branches on to the pollen adhering to the

style beneath (Fig. C, ii.). The presence of an involucre
— /.('., a group of floral bracts round the compound
flower—as well as the reduction of the stylar branches

from three to two, enhances the resemtslance to the

Compositii', which has already become foreshadowed
by the grouping of the flowers in heads.

In the spherical flower-head of the sheep's bit

{Jasione montana)—a pretty little blue ilower, frequent

in mountain districts—the kinship of the flower to

the Composite type becomes still more manifest.

Here the anthers, instead of being separate from each j-j„

other, are now " syngenesious " *—that is to say,

they are united by their edges, forming a closed ring

round the style— but the union is not yet perfect, for only
j

the bases of the anthers have become coherent. The
inflorescence, however, is almost identical with that of the

Composit:!', for the flowers are crowded together in capitate

umbels with involucres, and the stylar branches (as well

as the cells of the capsule) have become reduced in number
from three to two. Indeed, the similarity is so close that

Linnipus himself classed it with the Composita?.

The flowers of these three members of the Campanulaceae

naturally show more afiinity between themselves than with

the flowers of the usual Composite type. But the gap

seems less wide if we consider the structure of one of the

more primitive Compositse, sach as the IQac hemp-agrimony
(Enpatorium cannabinum). Only a few flowers occur in

each head, but many of these small heads are grouped

together to form a large inflorescenop. iloreover, the

florets in each little head are not so tightly packed together

as in most Composite. Each
floret presents in the main a

similar structure to the more
advanced bellflower type, being

tubular with five well -marked

teeth ; but the green calyx

becomes reduced here to a

number of bristly hairs, and

the anthers are now completely

united to each other, side to

side. However, there is no

diS'erentiation as yet into ray

and disk-florets ; all are alike

and all have the same lilac

colour. The branches of the

style are long and hairy, and as

they grow in length they sweep

out the pollen from the anthers.

Subsequently, when mature, the

branches separate widely, ex-

posing the stigmatic surfaces

(Fig. D). If the flower fails to be fertilized by insects, then

the long curling styles come into contact with the pollen

still adhering to the collecting hairs of younger and

immature styles of neighbouring florets ; thus the florets of

the same head become fertilized with each other's pollen.

Finally, the " wee crimson-tipped " daisy {Bellis peirnnis)

has carried the dift'erentiation of its flowers to a still greater

extreme. Here the florets are of two kinds : white ligulate

ray-florets and yellow tubular disk-florets (Fig. E, i. ). More-

over, all trace of a calyx, even in the form of hairs or scales, is

entirely absent. The ray-florets have become considerably

modified from the simple tubular type, which continues to

be exempUfied in the disk-florets ; the lower part of the

tube still exists, but the upper part has split open, spreading

Fig.
Hemp
view.

D.—Single

Agrimony.
II. Section.

Iloret of

I. Side

* Sifinpht/anilra^ another member of the Cainii.iimlai'

wise syngenesious stamens.

lias like

. v..— I. Section of Daisy. II., Til., IV., Successirc staples in the
growth of n disli-llorct.

out into a flat, ligulate (strap-shaped) corolla. But the
five minute teeth on the end of the strap betray the parent
character. The corolla has been modified in tin's way
chiefly for the sake of making the ilowor more conspicuous,
but also in order to protect the pollen from rain and dow.
At night, or when a shower is impending, these flat straps
bend over and inwards and effectually cover over the
exposed pollen.
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In this flower, and in most other CompositiP, the pollen
is not deposited on a zone round the style, as in the
t'ainp;innlacc;p, hut is set free above its immature tip,

which is provided with small stilT hairs. As the style

develops and lengthens, this circular array of bristles acts

like a chimney-sweep's brush, and pushes in front of it

the pollen filling the upper part of the corolla-tube, leaving

it on the surface of the ilower-head : thus the pollen
grains cannot fail, in this exposed position, to come into

contact with the abdomen or legs of an insect settling on
the llower in search of honey or pollen.

Subsequently, the apex of the style divides into two
branches, just like the previous cases, laying bare the
receptive surfaces, which up to that moment had been
protected by their mutual pressure from contact with
pollen from the same lloret (Fig. E, i., ii., m., iv.).

The differentiation in the daisy of some of the marginal
florets into ray-tlorets, with their characteristic ligulate

corolla, has reached a yet higher stage in the large Ligu-
late section of the Compositre, some of which possess
characteristics of the Campanulacea> which are wanting
in the daisy. Thus, in the pale blue flower-heads of the
chicory {Cichorium inti/lnis) all the florets are ligulate, but
the calyx seems to be a little less degenerate than in most
other Composit;r, for it consists of little scales which
certainly approach the nature of sepals more closely than
the hairs and bristles which usually take the place of the
calyx in this order. A striking quality which the chicory
tribe possesses, in common with the Campanulacese, is

the presence of late.i\ or milky juice, in their tissues.

Everyone who has plucked a dandelion will be familiar

with the appsarance of the dense white juice welling up
from the wound ; and it is highly probable that this forms
another of the characteristics which the two groups of
plants derive from a remote common ancestor.

To sum up : the points in which the Compositte resemble
the Campauulace.T are the following :

—

1. The valvate fpstivation of the corolla

—

i.e., the petals

in the flower-bud are placed edge to edge, and do not
overlap in any way.

2. The occurrence of inulin ( Dahlia , Jerusalem artichoke)
and of latex (chicory, dandelion).

3. The ovary is inferior to the corolla. This condition
always points to the flower having reached a high state of
development.

1. The tendency in some of the Campanulacefe for the
anthers to adhere by their sides to form a tube, becomes
a general rule in the Composite. In Eupntorium the
pollen is shed on to the lateral surface of the style as
in Campanulaceae, although in most Compositffi it is

discharged above the tip of the style.

5. The phenomenon of protandry as explained above.
G. The ovule is anatropous

—

i.e., the ovule, though
straight itself, is bent on its own stalk so that the micropyle
(the pore through which the pollen-tube penetrates) is

close to the place where the ovule is attached to the
placenta.

It still remains necessary to give some explanation of
the differences between the two orders. These, although
of importance, do not, I think, present any msuperable
difficulties.

The Campanulaceae differ from the Compositae in the
following particulars ;

—

1. The arrangement of the veins in the corolla.

2. The plurality and horizontal direction of the ovnles.
(In the C'ompositif there is only one ovule in the ovary,
and it is erect.)

3. The fruit in Campanulacere is a capsule with two or
three divisions, and not an achene.

4. The collecting hairs on the style are arranged in lines

and not in a ring.

5. The seed contains endosperm.
6. The prevailing colour of the flowers is blue, while

that of the Compositio is yellow.

Most of these differences (2, ;!, and 5) result from the

crowding together of great numbers of flowers into

compact heads. In all such cases the number of ovules

tends to become reduced. Moreover, the fact that there

are two stigmatic branches to the style in Composite
seems to indicate that their ancestor possessed an ovary
with two loculi or compartments, just as in the rampion
and sheep's bit. And, furthermore, the suppression of

endosperm in the seeds of the Compositic is not, after all,

a hard-and-fast distinction between the two orders, for the

seed of Tai/eti's, a Composite plant, still contains some
endosperm, and can therefore be termed albuminous.

The other points hardly seem to constitute deep-seated

differences in the essential structure of flowers, but may
be regarded rather as superficial and responsive adaptations

to secure fertilization by difl'erent insects or to differences

in the climatic surroundings.

But the question will very naturally arise, " If the

Compositfo arc descended from an ancestral type some-
what like the harebell, how is it that the prevailing colour

of Composite flowers is yellow, while nearly all the

Campanulacefc have blue flowers '?"

To this question. Grant Allen, in his " Colours of

Flowers "
(pp. 81-85), has suggested a very plausible and

ingenious answer, the gist of which I venture to reproduce
as an extremely probable solution of the difficulty.

Observation of analogous cases (RubiaceiB, etc.) tends to

show that when flowers with highly specialized colours,

such as blue, become dwarfed and crowded together, they
show a tendency to revert through lilac, pink, and white

back again to the more primitive yellow. This retro-

gression in colour is probably due to the fact that the

crowded florets are no longer dependent on the visits of

only one species of insects to secure cross-fertilization,

and hence the reversion in many flower-heads to the

yellow of their distant ancestors, since it is the colour which
appeals to a great number of miscellaneous insects. In

accordance with this principle. Grant Allen considers that
" the primitive ancestral Composite had reached the stage

of blue or purple flowers whOe it was still at a level of

development corresponding to that of the sheep's bit

( Jiisioiie I." Thus the Cynaroid or thistle group of the

Compositie are all purple or blue, and the florets are fairly

large. In the group of the Corymbifers yellow becomes
general; but the least evolved type, the hemp-agrimony,
is still purple. Yet, while in many members of the group
both ray-florets and disk- florets are a uniform yellow, the

daisy shows endence of a progressive step in its develop-

ment of colour, for not only are the ray-llorets white, but

their edges have begun to show signs of pink. Lastly,

the delicate blue colour of the chicory may perhaps

indicate a similar forward development, which in this

plant has reached the higher notes of the scale of

colour.

The Compositfe have often been bracketted together

with the Teasel tribe, the Dipsacaceas, and even a genetic

connection between them has sometimes been assumed.

But when we come to balance all the facts of the case, this

alliance is more apparent than real. It would take too long

in this article to dwell upon the technical but essential

differences which distinguish the Dipsacacere from the

Composite, such as the presence of an epicalyx, a simple

style and a terminal undivided stigma, the imbricate

asstivation of the corolla, the stamens being only four in
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number, the pendulous ovule, etc. ; but it is perhaps
sufficient to state that there is satisfactory evidence to

show that they form the final stage in the series Kubiales-

Dipsacales, and hence are not really related to the

Composite, but have arrived by a different path at some-
what analogous structures. Similar capitate inflorescences

are likewise to be found in the final stages of other lines

of descent, as in the sea-holly {Erymiium) among the
Umbelliferse.

THE FACE OF THE SKY FOR SEPTEMBER.
By Herbert Sadler, F.R.A.S.

THE number of spots diversifying the solar disc is

still very small.

A conveniently observable minimum of Algol

will occur at lOh. 50m. p.m. on the 8th.

Both Mercury and Venus are too near the Sun
this month for the observer's purposes, and Jupiter does

not rise till after midnight at the end of the month.
Mars is an evening star, and is now a fine object in the

evening. On the 1st he rises at 9h. 46m. p.m., or 3h. 2m.
after sunset, with a northern declination of 20^ 53', and
an apparent equatorial diameter of 9j", the defect of

illumination on the preceding limb amounting to 1-4".

On the 9th he rises at 9h. 28m. p.m., with a northern

declination of 21" 35', and an apparent equatorial diameter

of 100". On the 16th he rises at 9h. 12tn. p.m., or about

8h. 2in. after sunset, with a northern declination of 22^ 6',

and an apparent equatorial diameter of 10^", the defect of

illumination on the preceding limb amounting to 11". On
the 23rd he rises at 8h. 54m. p.m., or 8h. after the

Sun, with a northern declination of 22'' 27', and an
apparent equatorial diameter of 110". On the 30th he
rises at 8h. 35m. p.m., or 2h. 57m. after the Sun, with a

northern declination of 22^ 52', and an apparent diameter
of II5' > the phasis on the preceding limb amounting to 1 j".

He is in conjunction with Neptune at 6h. a.m. on the 24!th,

Mars being 50' to the north. During the month he
describes a direct path in Taurus, almost to the confines of

Gemini.
Saturn is an evening star, and is still visible shortly

after sunset during the first half of the month. On the

1st he sets at 8h. 55m. p.m., or 2h. 11m. after the Sun,
with a southern declination of 14° 4', and an apparent

equatorial diameter of 30 " (the major axis of the ring

system being 375" in diameter, and the minor ISV ). On
the 7th he sets at 8h. 34m. p.m., or about two hours after

the Sun, with a southern declination of 14° 13', and an
apparent equatorial diameter of 30" (the major axis of the

ring system being 371" in diameter, and the minor 131").

On the 16th he sets at 7h. 58in. p.m., or Ih. 45m. after the

Sun, with a southern declination of 14° 28', and an apparent
equatorial diameter of 29|" (the major axis of the ring

system being 37" in diameter, and the minor 13"). He
describes while visible a short direct path in Libra.

Uranus is too near the Sun to be conveniently observed.

Neptune is an evening star, rising on the 1st at 9h. 50m.
P.M., with a northern declination of 21° 42', and an
apparent diameter of 2'6

". On the 30th he rises at

8h. 30m. p.m., with a northern declination of 21° 41'. He
is almost stationary in Taurus during the month.

There are,no very well marked showers of shooting stars

in September.
The Moon is new at Ih. 43m. p.m. on the 7th ; enters

her first quarter at 4h. 10m. p.m. on the 14th; is full

(Harvest Moon) at lOh. 49m. p.m. on the 21st ; and enters

her last quarter at Ih. 58m. a.m. on the 30th. She ia in

perigee at 8h. p.m. on the 8th (distance from the Earth,

223,420 miles), and in apogee at 3h. a.m. on the 24th
(distance from the Earth, 252,400 miles). The Moon
will pass through the Pleiades on the evening of the 26th,
occulting several of the bright stars in that asterism.

Cljcss Column.
By C. D. LococK, B.A.Oxen.

Communications for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 10th of each month.

If 2.

2.

2.

2.

2.

E X Pch, etc.

B X P, etc.

E to QKtSch, etc.

E to Kt5ch, etc.

Kt(K5) to KB3, etc.

Solutions of August Problems.

(A. C. Challenger.)

No. 1.

1. Q to B7, and mates next move.

No. 2.

Key move.—1. Kt to K5.

. . KxP,

. . PxKt,

. . E or Kt moves,
PxP,

! ! B to kt7,

[It will be noticed that though there is a double threat.

Black is cleverly compelled to defend himself against at

least one of the threats.]

Correct Solutions of both problems received from
Alpha, Arthur S. Coulter, A. G. Fellows, H. S. Brandreth

(Dresden), H. Le Jeune, G. A. F. (Brentwood), and W.
Willby. Of No. 1 only from G. G. Beazley and A. E.
Whitehouse.

Hubert Price.—In the amended position the key is

doubly weak, because (i.) it shuts out the Black King
from his only available square ; and (ii.) the piece moved
is t'H prise. A remedy would be to omit the first move,
and publish the position as a simple three-mover ; but the

idea, we fear, is one that has been often represented before.

iS. J. Charh'ston.—In the position you send you appear
to have overlooked the defences Kt to B7 or Ksq or Q4,
preventing mate. In any case, we should say the idea is

not suitable for a problem.

PEOBLEMS.

By C. D. Locoi'k.

No. 1.

Black (1).

WnrrB (7).

White mates in two moves.



216 KNOWLEDGE. [Septkubkr 1, 1896.

White (7).

White mates in two moves.

CHESS INTELLIGENCE.

The event of last month was the International Tourna-

ment at Nuremburg. There were nineteen competitors,

each playing one game a day as far as possible, though,

owing to the odd number of players, there was necessarily

a bye every day. The list of players differed only in one

instance from that given last month, M. Charousek taking

the place of Mr. Burn. Other notable absentees were

Lipke, Makovez, Englisch, Weiss, Bird, Mason, Gunsberg,

Mieses, Lipschiitz, and Bardeleben.

The players came out in the following order :

—
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ENGLISH COINS.-IIL*

By G. F. Hill, M.A.

THE union of the English and Scottish Crowns in

1603 did not lead to any nnificatiou of the currency.

James I. continued to strike separate series for

both parts of bis kingdom, but there are frequent

allusions in his coinage to the union of the two
countries. The most important is found in the shield, which
now bore, in the first and fourth quarters, France and
England quarterly ; in the second, Scotland ; in the third,

Ireland. James's first gold coinage consisted of sovereiitus,

half-sovereigns, crowns, and half-crowns, all of which have
the Scottish thistle for mint-mark. But this was replaced

in the same or the next year by a gold coinage, the largest

piece in which, though of the same value as the old

sovereign, was known as the "unite" (Fig. 1). On this

coinage the king is called " King of (treat Britain, France,
and Ireland," and the legend of the reverse (faciam
EOS IN GENTEM vnam) gave rise to the name of the

coin. In 1011 these pieces were given a value of twenty-

two shillings, the weight remaining the same (about one

* Tliefirot of these artielc3 appeared in the May and the second in

the August numbers of Kmowledqb.

hundred and fifty-four grains troy) ; but in 1619 the old
value was restored, the weight being reduced propor-
tionally. At the same time for the old crowned bust was
substituted a laureated one (Fig. 2), which gave the name
of " laurel " to the coin. Yet a third name was the
" broad. " Besides the unite, we may mention among the
gold coins of James I., the " Britain crown," with the
motto HENRicvs ROSAS (conjunxit) REGNA IACOBVS
(" Henry united the Roses, James the Realms"), and the
" thistle crown," bearing a rose on one side, a thistle on
the other, with tveatvr vnita deVS (" God protect the
United Kingdoms "

). This was worth at first four shUhngs,
but was raised in 1011 in proportion to the unite. The
denomination was not issued again La gold. An excep-
tional place in the coinage of this reign is occupied by
the rose ryal" of thirty shillings (afterwards raised to

thirty-three), the spur ryal of fifteen shillings (lOs. 6d.),

the angel of ten shillings (lis.), and its half. " Spur ryal"
is a misnomer, occasioned by the rose on a sun, which
appears on the reverse, and has been taken for a spur.

These coins belong rather to the series of James's prede-
cessors than to the new type of coins which he introduced.

From this time onwards there is a tendency towards
reducing the number of denominations ; Charles I. coined
no ryals, and was the last to coin angels.

In silver, James made an alteration in the type of

the crowns and half-crowns, which now represented the
king riding on horseback to the right (Fig. 3), a rose

(crowned) on the housings, and the motto exvrgat
DEVS DissiPENTVR iNiMici (Psalm Ixviii. 1), or qv/e
DEVS CONIVNXIT NEMO SEPARET (Matt. xix. 6, again
an allusion to the union of the kingdoms). On the
shillings the king's bust to the right is the type. From
this time we may note in the English coinage the

principle that each sovereign reverses the direction of the
obverse type adopted by his predecessor. Thus the types

on the coins of Elizabeth and Charles I., when profiles,

look to the left, those of James I. to the right. The rule

was broken by Charles II. and James II., but thenceforward
has been rigidly observed.

In 1013 a patent was granted to Lord Harrington of

Exton to coin copper farthings (Fig. 1). They are very
common, and equally common were the forgeries which
were made of them at the time. The obverse type is a
crown over two sceptres in saltu-e, the reverse a crowned
harp, which gives them an Irish appearance. Owing to

the number of counterfeits which were made, these coins

were exceedingly unpopular, but they were forced upon the
public throughout the reign of James and the first ten
years of that of Charles.

The reign of Charles 1. did not see any important
alteration in the coinage, but at the same time the troubles

of the reign could not but be refiected in the coins, and
lend them an unusual interest. The legends employed by
James were replaced by others, as on the angel here
figured (Fig. 0), which reads amoR popvli pr/esidivm
REGIS. The facts of the reign lend a peculiar irony to

this as to many others of the legends of Charles I.'s

coinage. Another legend of interest is that relating to the
declaration made by the king, in 1012, that he would pre-

serve the Protestant religion, the laws of England, and the
freedom of Parliament. This is recorded, for instance, on
the fine three-pound pieces, which read RELlGio PROTestans,
LEGes ANcliii' LiBERtas PARhamenti, with a motto revived

• The I'val, or rial (from roi/al), was a gold coin Vfhich lUietuated
in value from ten shillini;s sterling '" tl'* T»\ga of lleury VI , and
liKeen sliillings in that of Elizabeth, to the amounts mentioned iu
the text.
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from the coinage of James I. These pieces were struck

at Oxford, the only mint besides tliat at Bristol from which
gold is certainly known to have been issued.

The number of mints for silver was, however, consider-

able, the most important being the Tower. Among the

silver coins, particular notice is due to the crown, which

was designed at Oxford by the engraver llawlins, but

which probably never came into circulation (Fig. 5). The
work, though somewhat finicking, is above the average,

and the piece gains a special interest from the view of

Oxford, in which the tower of Magdalen and the spires of

St. Mary's]and another church, as well as the fortifications,

are clearly discernible. The signature R is in the left-

hand corner. The reverse bears the Declaration. Another
famous engraver of the time was Nicholas Briot, a

Frenchman, who was employed in England from 1G28,

and whose work is exceedingly neat, though wanting

in spirit. The angel here figured (i''ig. 0) is from his

hand.
Several of the fortresses which were besieged in the

Civil Wars produced an irregular currency—known as

siege-pieces, or money of necessity—to supply the want of

ordinary money. These were supposed to be redeemable

at the close of the siege. The rudeness with which some
of them were executed is well shown by the piece of

Scarborough (Fig. 8), which is merely a piece of silver

jilate doubled up and stamped on one side with a repre-

sentation of the keep, and the value (ii- S. vi. D.), on the

other with OBS ScKrhorouijh 1645. The castle of

Pontefract held out after the death of Charles I., and we
find siege-pieces struck there in the name of Charles II.

with the motto POST MORTEM PATRIS pro FILIO.

The abuse of the farthing coinage instituted by James I.

led Charles, in 1635, to issue, no longer by contract but

under his own direct authority, a series of farthings,

differing from the old issue mainly in having the harp
replaced by a rose. These were known as " rose " or " royal

farthings," as opposed to the old " Harringtons."

The Commonwealth coinage is somewhat uninteresting,

owing to the fact that the device on all denominations
except the halfpenny is the same, viz. : on the obverse, in

a wreath composed of branches of palm and laurel, a shield

bearing St. George's cross; on the reverse, two shields

bearing St. George's cross and the Irish harp. The
appearance of the reverse gave rise to the nickname
"breeches-money." The legends are in English: the
COMMONWEALTH OF ENGLAND and GOD WITH VS.
The illustration (Fig. 7) is of a gold crown of 1650. The
halfpenny has simply shields with the cross of St. George
on one side and with the harp on the other, without
legend, date, or value.

In 1656 and 1658 the mint produced several pieces in

gold and silver bearing a tine portrait of Oliver Cromwell.
These were executed by Thomas Simon with the mill and
screw, instead of with the hammer, which had been com-
monly used under the Stuarts. But these pieces were
never put into circulation, Cromwell probably fearing to

assert his personal power in this way. For the sake of the
portrait a pattern for the "broad" may be illustrated

(Fig. 9).

Some of the gold and silver patterns made at this time
furnish the first instance of an inscription on the edge of

a coin. The motto, DECVS ET TVTAMEN, which now
protects, though hardly ornaments, the edge of our crown
pieces, first occurs on the five-guinea pieces of Charles II.

A large number of patterns for copper coins were made
during the Commonwealth, but none appear to have been
put in circulation. Many of the patterns from this time
are made of two metals, as of brass with a copper

centre, or a copper centre enclosed in a ring of bell-metal,

or with a brass obverse and a copper reverse. The Com-
monwealth copper patterns have all English legends, as :

ENGLAND S FAHDIN ; reverse, FOR NECESSARY CHANGE.
The llestoration brought about a return to the old types

and the old method of hammering. Before long, however
(1662), the mill was re-introduced, and this time for good.

In order to establish the new process, Blondeau, who
had perfected it, was brought over from Paris. A ptevious

attempt to bring him over, as early as 161!), had failed,

owing to the jealousy of the English officials. He was
now appointed to strike coins from dies provided by Thomas
Simon, and by John Eoettier, a native of Antwerp. Simon
is undoubtedly the greatest of the engravers of English
coins, but Eoettier's patterns were preferred, and this caused
Simon to produce the splendid piece known as the "Petition

Crown " (Fig. 11). Round the edge runs the petition :

THOMAS SIMON MOST HVMBLY PRAYS YOVR MAJESTY
TO GtiMPARE THIS HIS TKYALL PIECE WITH THE
DVTCH AND IF MORE TRVLY DRAWN & EMBOSS'D
MOl^E GRACEFVLLY ORDER'D AND MORE AGCVHATELY
ENGRAVEN TO RELEIVE HIM. For delicacy and finish,

both of design and of execution, this piece has never been
surpassed.

The value of the gold coins struck with the hammer was
slightly raised in 1661, and the new gold pieces struck

from lloettier's dies with Blondeau's mill were made some-
what lighter in proportion. The twenty-shilling pieces

were struck at 131J|^ grains, and were known as Guineas,

to distinguish them from the older broads. The name is

due to the fact that most of the gold used for these coins

was brought from Guinea by the African Company. In

1670 the weight of the guinea was reduced to 129|J grains,

at which it subsequently remained. The specimen illus-

trated (Fig. 10) is one of the first struck. There were also

five-guinea, two-guinea, and half-guinea pieces. In this

reign Maundy money of groats, threepences, half-groats,

and pennies was first issued.

In copper, in the reign of Charles II. we have issues of

halfpence and farthings ; there are also farthings in tin,

with a square stud of copper in the centre. The copper

coins were not issued for currency till 1672, of which date

is the halfpenny here illustrated (Fig. 12). On these coins

for the first time appears the figure of Britannia. It was
doubtless suggested by the design of some Eoman pieces,

but it is at the same time a portrait of the famous Duchess
of Richmond.
We may pass over the next two reigns, only mentioning

that by the time of the sole reign of William III. the silver

coins had deteriorated so much in quality that the guinea

passed current for thirty shillings, i.e., fifty per cent, above
its nominal value. The guinea, however, fell to its old

value during William's reign, owing to the increased coinage

of silver.

Copper (in both halfpence and farthings) was also coined

to such a great extent in this reign that no fresh issue was
necessary on the accession of Anne. Towards the end of

her reign several patterns for copper coins were made.
Among these is the Queen Anne's farthing (Fig. 14), with
regard to the rarity of which the most absurd errors are

prevalent. Of this coin, which, perhaps, was never actually

in circulation, there is no lack of specimens. Another
common error is to mistake copper or brass counters for

the farthing ; these were made in imitation of the silver

sixpence, and therefore bear on the reverse the four shields

instead of the figure of Britannia. The engraver of the

farthing, as of many other coins of this time, was Croker,

or Crocker, a German. The bust of Anne on her coinage

is draped; her modesty, it is said, having induced her to

alter the fashion of her predecessors.
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Some of the gold coins of Anne have an elephant and
castle placed under the bust, in token of the fact that they

are made of gold brought to England by the African

Company. Other pieces, both of gold and silver, struck

in 1702 and 1703 out of metal captured at Vigo,

in 1702, bear the name of that town. After the union

with Scotland in 1707 an alteration was effected in

the arms. These had been represented on four shields

placed crosswise : the arms of England at the top, of

France at the bottom, of Scotland to the right, and of

Ireland to the left. The arms of England and Scotland

impaled were now placed in the top and bottom shields,

and France transferred to the right.

The accession of George I. brought about some slight

alterations in the coinage. The letters F D (Fidei Defensor)

were now for the first time added to the king's title.

Besides this, a string of letters denote George's title as

Duke of Brunswick and Luneburg, Chief Treasurer and
Elector of the Holy Roman Empire. The arms of Hanover
are now placed in the left-hand shield and the Irish harp
in the bottom one, the others remaining as before.

In 1717 the value of the guinea was fixed at twenty-one
shillings, which it retained until the re-introduction of the

sovereign. In the next year quarter-guineas were also

struck for the first time.

George II. 's coinage hardly calls for remark. After

Crocker's death in 1710, .John Sigismund Tanner was made
Chief Engraver to the Mint ; and it is possible that the

slang term for a sixpenny piece is derived from his name.
Some of the gold coins of this reign, either because they

were issued for the East India Company or because they

were made of gold from India, bear the letters El.c.

under the bust. Others, both gold and silver, of the years

1745 and 174G, read LIMA. The metal for these pieces

came from Peru, whence Lord Anson had brought a

quantity of bullion in 1744.

The reign of George III. is perhaps the most disgraceful

period in the history of the later English coinage. In 1762
the issue of quarter-guineas was temporarily revived ; in

1797 a new denomination of seven shillings, or one-third

of a guinea, was issued. But the coinage of five and two
guinea pieces was dropped, and even the ordinary gold

currency was allowed to deteriorate to a very serious

extent. As to the silver, it was excessively scanty and in

a worn condition. With one small exception (one hundred
pounds worth of shillings struck in 1763 for a special

purpose) no silver beyond the usual Maundy money was
issued until 1787.

The issue of 1763 was made on the occasion of the Earl of

Northumberland's first public appearance as Lord Lieu-

tenant of Ireland, when the shillings were distributed among
the Dublin populace. By 1787 the silver coinage had become
so worn that pieces on which nothing could be made out

passed current. The shillings and sixpences now issued

were quickly melted down, and now the Government
resorted to the device of countermarking Spanish dollars

to make them legal tender in England (Fig. 13, with the

king's head), or even of completely re-striking the Spanish
coins. It was not till 1817 that an entirely new coinage

was issued. Guineas, half-guineas, and seven-shilling

pieces were last coined in 1813 ; the sovereign, of

123-27447 grains (Fig. 15), and the half-sovereign, were
now introduced. The dies for the early coinage of

George III. had been engraved by Lewis I'ingo. lie was
now replaced by Thomas Wyon, but the designs of a
number of the coins were made by I'istrucci. To this

somewhat over rated artist the design of St. George and
the Dragon, which now appeared on the reverse of the

sovereign and crown, was due. It is not wanting in spirit.

but has many faults. The admiration it excited at the
time was partly due to the excellent way in which it was
produced by the ilint. The reverse of the half-sovereign

bore the royal arms.

No copper coinage was issued until the year 1770.
From 1775 to 1797 there was again a cessation of copper
coinage. The last year saw the first and last coinage
of the " cart-wheel " type, including the only two-
penny piece ever ofScially issued in copper. These pieces

have a broad rim raised above the level of the rian and
bearing the inscription. The coins were designed by
Kiichler. Another extensive copper coinage was issued

in 1.S06 and 1807.

The new gold coinage of 1816 differs from the earlier

issues in that the coins are smaller and thicker, and that
the rim assumes a greater importance. The sovereigns
will pack together more firmly than the old guineas, in

which the rim was not raised to any appreciable height.

The change is an improvement only from a commercial
point of view, for it detracts from the value of the relief,

such as it is. .At the same time, the execution of the
coinage of thi? period is an improvement on the last

century, and infinitely superior to that of the present day.

The union of the kingdoms of Great Britain and Ireland
in 1800 caused a further change in the arms. They were
now quarterly—first and fourth England, second Scotland,
third Ireland ; the Hanoverian arms were borne on an
escutcheon of pretence, and the arms of France abandoned
with the title.

The coinage of George IV. is lacking in interest. It is

only necessary to mention that in this reign a double
sovereign was struck. Pistrucci engraved the dies. In
1824 he was ordered to engrave a portrait from a bust by
Chantrey, but refused to work from any but his own models.
The task was therefore given partly to Wil'iam Wyon,
partly to the Frenchman, J. B. Merlin.

Under William l\. some experiments were made with
the coinage. The Masters of the Mint have been abused
for abolishing the armorial device on the shillings and six-

pences, and substituting the name of the denomination.
The value had long been indicated on the smaller coins,

and the art of the period was so bad that we can hardly
find fault with the authorities for introducing what was at

any rate a practical improvement.
In 1836 groats were once more issued for general cir-

culation. They were continued into the next reign, but
since 1856 have only been issued for Maundy purposes.
The copper coins of this reign are somewhat rare, only a
comparatively small number having been struck.

Pistrucci's St. George and the Dragon disappeared from
the coins at the beginning of the present reign, and was
replaced by a shield of arms, from which, of course, the
arms of Hanover were removed. The portrait is by
William Wyon, and is not uupleasing. Pistrucci's design
was revived in 1871 for the reverse of the sovereign, in

1887 for the crown, in 1893 for the half-sovereign. In 1849
the llorin was first coined. The bust was represented
crowned, a revival from the times of Charles II. For
some reason the words Dt'i Gratia were omitted on the
first florin, which therefore goes by the name of the
"godless florin." The mistake was rectitiod in the next
and succeeding issues, in which the legends are in Old
English characters.

From 1815 onwards the threepenny piece, of the same
type as the Maundy money, has been issued at intervals
for circulation.

In 1860 a change was made in the copper coinage,
bronze (ninety-five parts of copper to four of tin and one
of zinc) being substituted for copper, and the size of the
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coins being diminished. The bust was by L. C. Wyon.
On the reverse the lighthouse and sliip appeared for the
first time.

The changes of the last few years are familiar to all, and
need not be described, the more so as they have been
almost uniformly for the worse. It maybe noted that the
striking of tive-pound and two-pound pieces was revived in

the year of the Jubilee (when the denomination of four

shillings was also issued), and in 18!»H. The title of Empress
of India first appears in the latter year.

Among the experiments of the reign may be mentioned
the pattern live-pound piece of 1880 by W. Wyon, repre-

senting the Queen as Una with the lion. The piece is

well executed, but when the design is considered it is a
matter of congratulation that the piece remained a pattern.

In 18;")5 and in 1872 mints were established at Sydney
and Melbourne, and in 1SG3 and 186G the coins issued
from colonial mints, established or to be established, were
made legal tender. The first Sydney coins bore AUSTRALIA
across the field, SYD n EY M i NT above, and the value below

;

but the later coins of Sydney and Melbourne are only
distinguished from the others by the mint marks S and m.
The mint mark H, which occurs on some of the bronze
coins, is the mark of Heaton's mint at Cirmingham.
Among the silver patterns the most interesting is the

"Gothic crown" of 184G and 1847 (Fig. IG), so called

from the Old English lettering.

Patterns have been struck at various times for a decimal
currency, some of them at the Mint, others by private

persons. Of the former class very few are to be seen
outside the Mint museum itself.

It has already been mentioned that the scarcity of

small change had necessitated the production of a token
coinage. The great mass of the tokens belong to the
seventeenth and eighteenth centuries. Of the town tokens
Fig. 17 represents a halfpenny of Wimborne (FOR THE
VSE OF THE POORE OF WIMBORNE 1669; reverse, THEIR
HALFPENNY; two women at a wash-tub). In London
an enormous number of tradesmen issued their own tokens.
Fig. 18 is a token of the Salutation Tavern (at YE salu-
tation IN LOMBARD; two gentlemen saluting each
other; reverse, STREET HIS HALFPENNY; in the centre
the initial of the owner's surname is put above, h, those
of his own and his wife's Christian names below, t M).
Of eighteenth century tokens, those of the Paris Copper
Mine Company, struck at Anglesea, are among the com-
monest. The obverse of the variety here illustrated

(Fig. 19) bears a Druid's head ; the reverse, the Company's
initials in monogram, the date 1787, and we promise to
PAY THE BEARER ONE PENNY. On the edge : ON DEMAND
IN LONDON, LIVERPOOL, OR ANGLESEY. The rarity of
silver in the reign of George III. necessitated the issue of
tokens to supply the place of silver coinage. Thus the
Bank of England issued tokens for five shillings, three
shillings, and eighteen pence (Fig, 21); the Bank of
Ireland for six shillings, thirty ponce, ten pence, and five

pence. Besides these tokens, a large number of pieces,

some with more or less fanciful designs and legends, some
with political allusions, seem to have got into circulation,

though there is little doubt that many of them were never
meant to pass as coins, and were made for collectors.

The production of private tokens for small change fell oflf

after the issue of copper in 180G and 1807, but the Bank
tokens mentioned above are later.

The Scottish coinage ceases to have much interest from
the time of the union of the two Crowns. There is a
considerable variety of denominations with peculiar names,
such as "bawbee" (derived possibly from the name of a
mint master, the laird of Sillebawby),"bodle" (Bothwell'.'),

" turner" (French tnuniou). The separate coinage ceases
with the union in 1707.

In the reign of Charles I. a considerable amount of

money was struck in Ireland. Not to mention the siege-

pieces, wo may note the so-called Ormonde money, whicli

was struck out of silver plate, with c R crowned on one
side and the value on the other.

Among the most interesting of the Irish coins are the
St. Patrick's halfpence and farthings. The former represent
a king kneeling and playing the harp, with FLO

R

eat REX
;

on the reverse, St. Patrick with his ilock, ECCE GREX
The farthings (Fig. 22) have a similar obverse, but on the

reverse the saint is represented driving out snakes and
dragons; QVIESCAT plebs. These were struck in the

reign of Charles II,, but precisely for what purpose we
cannot say.

The most important pieces in the later Irish coinage are

undoubtedly the money of necessity issued by James II.

after his abdication of the English throne. These are all

made of bronze or gun-metal, and therefore known as

gun-money. They were issued in the various denomina-
tions from the crown downwards. A peculiarity is that,

besides the usual date of the year, they bear the name of

the month in which they were struck. Thus the half-crown

hera illustrated (Fig. 20) was struck in March, 1689
(reckoning according to the civil year, which began on
March 25th, for the order to coin this money was not issued

till the 18th of June, IC80, of the historical year).

In spite of the union in 1800, the Irish coinage does not

cease until 1823.

Here our sketch of the coinage of these islands must
close. It has been impossible to do more than draw
attention to the more important features in the history of

our currency ; while that of our dependencies we have had
to pass over in silence. One point, it is hoped, has been
made sufficiently clear : the Mint of our own days has a
good deal to learn from the older coinage in the matter of

technique. The Gothic crown showed a praiseworthy

attempt to produce a decorative effect, but its archaisms

were out of place. And if it is impossible to find a good
design, it should be at least possible to strike the coins

clearly. The Petition crown of Simon is sufficiently

modern to serve as an indication of the spirit in which our
coins should be decorated, and the finish with which they

should be produced.

OUR FUR PRODUCERS.-V.

THE CAT TRIBE, CIVETS, AND MONKEYS.

By E. Lydekker, B.A.Cantab., F.R.S.

THE whole of the four preceding sections of the

present subject have been devoted to the furs

afforded by the carnivora—either terrestrial or

aquatic—but there still remain for consideration in

the same great order the cat tribe (Felidw), as well

as the less important group of the civets and their allies

{Vifci-yidce). Whereas the majority of the furs hitherto

mentioned are more or less uniformly coloured, and
are obtained from medium-sized or small animals, a con-

siderable proportion of those yielded by the cat tribe have
dark stripes or spots upon a light and frequently brilliantly-

coloured ground, and many of these are of large size and
the sknis very thick. Consequently, such are much used as

ornamental rugs or coverings.

As exceptions to the general type of coloration obtaining

among the Fclida:, we may first of all refer to the lion of

the Old World and the puma of America, in both of which
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tbe fur is normally of a unifonii tawny hue (save the mane
and tail-tip of many lions), although traces of spots may be

detected in tbe young, and sometimes, under certain con-

ditions of light, even in the adult. The beauty of a lion's

skin depends almost entirely upon the degree of develop-

ment and darkness of the mane ; and it ig a somewhat
curious fact that this magnificent appendage attains larger

and finer proportions in menagerie specimens than in wild

animals, this being especially the case with regard to its

extent on the under surface of the body. Still, captive

animals lack that glossiness of mane which forms such a

striking feature of tbe lion in its native haunts. That
black-maned and yellow-maned lions belong to one and the

same species, is, we presume, as well known as that there

is no specific distinction between the African and the Asiatic

lion. Black-maned skins are by far the most valuable.

We are not aware of any instance of eitber black or white

lion«. With tbe puma the case is, however, different,

blick specimens being far from uncommon.
The skins of tbe ordinary Indian tiger are not of much

rugs, leopard skins are manufactured into trappings for

the chargers of the oificers and bandsmen of some of the

British cavalry regiments, as well as for the aprons

of the drummers of the infantry. By the Kaffirs, who
prepare them in a remarkably excellent manner, they

are used as karosses, or cloaks. In a variety of the

leopard from China, described under the name of F.

fontanieri, tbe fur is much longer and more woolly than in

the ordinary form, while the dark spots of the rosettes

tend to coalesce into more or less complete rings, recalling

those of the jaguar, although the central dark spot of the

latter is wanting. The ground colour is unusually light,

and the tail very long and busby. Another variety of

the leopard (/•'. tuUiann), with still longer and lighter-

coloured fur, is an inhabitant of Persia.

Far handsomer than either of the two latter is, however,

the snow leopard, or ounce ( F. uncia), of tbe highlands of

Central Asia, whose pellage excels in beauty that of all

other members of the cat tribe. As shown in the plate

accompanying an article on the coloration of animals

Tlie Ocelot.

value, but those of the long-haired and somewhat pale-

coloured variety from Siberia and Mongolia command a

much higher price. Turkestan tiger skins are also held

in considerable estimation. Of the Siberian and Mon-
golian race, one hundred and thirty-five skins are said

to have been imported into England in 1891. The
scarcest and most beautiful variety is the white or

buff tiger, in which the stripes are generally dark brown,

although rarely dark drab.

In the pellage of the leopard, or panther {FAis pnrdus),

there is even greater variation than in the tiger ; this

variation showing itself not only in regard to the size and

form of the dark rosettes, but also in tbe length of the

hair. African skins are nearly always distinguishable

from Oriental ; and whereas in Oriental countries a black

variety is by no means uncommon, in Africa wo only

meet with races in which the rosettes on the back are

agglomerated into a number of small spots, and the

general tint of tbe fur is darker than usual. A few

thousand skins of ordinary leopards annually find their

way into the London market. In addition to being used as

published in the January (1895) Number of Knowledge, the

spots form large interrupted rings or rosettes of irregular

shape, and are superior in size to those of the typical form of

the leopard. The ground colour is white, the entire fur very

long (sometimes as much as two inches in length), and

the bushy tail, which tapers but slightly, is nearly three-

quarters tbe length of the head and body. Comparatively

few skins of this splendid feline reach the Englisli market.

The last of the larger members of tbe genus FAix is the

American jaguar {F. tincin), readily characterized by the

dark markings taking the form of nearly complete rings, with

one or more black spots in the centre ; the ground colour

being some shade of tawny or orange. A black variety is

not very uncommon.
In marked contrast to the wild species o( true cits is the

importance of the domestic cat as a fur producer, the

number of skins annually used in the trade amounting to

many thousands. The colours of tbo iMiropean races are

too well known to need mention ; and although to our mind
dark tabby is by far the handsomest of all, pure black

skin 3 are those commanding the highest price.
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More important than all other members of the family

are the lynxes, the beautifully spotted or uniformly

tawny skins boinj;; employed largely as what may bo called

personal fur—that is, fur used in drem. Of the number of

species of true lynxes—that is, those in which the tail is

very short, while the ears are each surmounted by a pencil

of long hairs—there is much difference of opinion among
naturalists. It will, however, sulllce for our present

purpose to say that there is the European lynx (/•'. h/n.r),

which ranges over Northern Europe and Asia, and the

closely allied North American lynx (/•'. cKnuilirn-iis) ; while

there is a more Southern American type termed the red

lynx (/•'. /»/'.(), and likewise a South I'iUropean form known
as the pardine lynx (/•'. purdiiui). Of the European
lynxes it does not appear that many skins come into the

market. On the other hand, American pelts form a very
large item in the trade, the number sold yearly by the
Hudson Bay Company usually varying between eight

thousand and forty thousand, although in 1H87 as many as

seventy thousand were disposed of. Lynx fur may be used
either of the natural colour, or dyed black, brown, " blue,"
or silvered. The longest fur is that on the under surface

civet
(
Viverm civHtn), not more than filty skins are anauitlly

imported into this country.

The Indian species (I', -.ihcthit), which has a nearly

similar grey fur, marked with black streaks and blotches,

seems to be still rarer. Much the same applies to the

different species of the genets ((li'tifita), all of which have

short, harsh fur. At a time when "pointing" furs (that

is, introducing white-tipped hairs) was in fashion, there was
some demand for the pellago of the Egyptian mungoose
(llerpentcs ichneumon). Even now a few hundred skins are

imported.

Passing on to the monkey tribe {Primates), we find that

all the skins used in the fur trade are obtained from

various species of the Old World family ('cn'ojiitheridm, not

a single one of the numerous species of South American
monkeys being even mentioned in commercial lists.

The species that yields the greater quantity of the pelts

used in the fur trade seems to be the West African white-

thighed thumbless monkey (Colohm rdlemsus), which is

abundant on the Oold Ooast, and has the body clothed

with a mantle of silky black hair measuring from two to

four inches in length. Of this (and perhaps some allied)

The Malay Palm Civet.

of the body ; this being employed for boas, muffs, and
trimmings. Lynx fur dyed brown is also the material

employed in the busbies of the officers of the British

Hussar regiments. Usually only the long winter fur shows
the small black spots, the summer coat being shore and
uniformly coloured. Less common and of inferior value

are the skins of the American red lynx. The bulk of this

fur is stated to be exported to Eastern Europe. Of still

less value is the skin of the uniformly red and longer

tailed caracal of Africa, India, and Persia.

Of the hunting leopard, or, as it is commonly called,

chita (Ci/ncElunis juluitus), the black-spotted skins too

seldom come into the market to be of any importance.
This animal, which is one of the few species of carnivora

common to India and Africa,, is separated from the
genus Fells on account of the claws being only partially

retractile. Unlike those of the true leopirds and jaguar,

the black spots on the fur are solid, instead of forming
rosettes with light centres.

The various species of the civet family (Virerrida) occupy
an unimportant position among the list of fur producei's,

the pellage bsing generally harsh, while many of the
species are comparatively scarce animals. Of the African

species as many as ninety thousand skins are annually
brought to the London market. Considerable difference

is stated to exist in regard to the texture of the fur of

skins from different localities, which suggests that more
than one species are included under the name of " bh.ck

monkey." They are mostly brought down from the interior

by native convoys, and exchanged at the coast for British

produce. A large proportion find their way to Germany,
although some are exported to Italy and America.

Most valuable of all are the skins of the beautiful

guereza monkey (C^ giierezo) of Abyssinia and East Africa;

a species characterized by the flowing mantle of elongated

silky white hair depending from the black back down the

flanks and hind-quarters.

Under the title of " common monkey " are imported skins

of various species of another African genus [Cercopltheciis),

the most numerous of these forms being probably
Campbell's guenon [C. camplielll) of West Africa. The
importations of other African skins are too unimportant
for mention ; and we may conclude this section by

adding that of the long-haired grey langur (Semnopitlunia

s(hinareu)s) of the Himalaya, from two to three hundred
skins are annuilly received into this country.
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THE HISTORY OF THE GREAT LAKES AND
NIAGARA.

By Andrew J. Herbertson.

THE problem of the origin of the Great Lakes and
Niagara has always been an interesting one, and
various theories have been put forward to explain

it. Dr. J. W. Spencer, of the Geological Survey
of the Great Lakes, has recently published a set

of papers in which he attempts to reconstruct the past

history of the Great Lake Region of America.

'

Dr. Spencer believes that between the middle Miocene and
early Pleistocene periods the region stood three thousand,

perhaps even five thousand or six thousand, feet higher

than at present. In support of this he appeals to the

evidence of soundings round the American coasts, which
reveal the existence of what appear to be ancient river

channels. For instance, were the water to sink sis hundred
feet below its present level the banks to the south of New-
foundland and Nova Scotia would be dry land ; but this

would be traversed by a deep fjord over three thousand
feet deep where it joined the sea, whose depth near its

mouth would be five thousand feet. This channel, sixty

miles wide at its mouth, follows for over eight hundred
miles the bed of the present St. Lawrence River, growing
narrower and shallower as it projects inland. Dr. Spencer
supposes that previous to the existence of the present lake

basins the continent was much higher, and was drained by
a great river, which he names the Laurentian River, which
excavated this deep channel. The depths of the various

lakes afford corroborative evidence, the floors of Ontario

and Superior being almost five hundred feet below the

present sea-level, that of Michigan three hundred feet, and
of Huron one hundred and fifty feet. The soundings of

the lakes and borings in various regions reveal the ancient

beds of this Laurentian River and its tributaries. Lake
Michigan was drained by two rivers, one in the northern
basin which flowed by the present outlet to Lake Huron,
in the middle of which it was joined by a tributary running
from the southern basin of Lake Michigan, across the

present State of Michigan, and through Saginaw Bay. The
united streams did not flow southwards towards Lake Erie,

but first north-westwards to the present Georgian Bay,
then south-eastwards near its western shore, and by Lake
Simcoe, turning to the eastwards at a point in Lake
Ontario nearer the southern than the northern shore, and
thence to the sea by the present course. The Lake Erie
basin was drained by another tributary which turned north-

wards by the Grand River and Dundas Valleys, and curved
eastwards again at the western end of Lake Ontario, joining

the Laurentian main stream at its bend opposite the mouth
of the present Niagara River.

This river and its tributaries had eroded the region and
formed broad valleys just before the Pleistocene period,

and during that period, and particularly towards its end,

parts of the old valley were i^radually blocked. This
blocking of the valley may have been due to the accumu-
lation of glacial drift at some places, but i>r. Spencer
believes that terrestrial warpings are a more important
factor, and that these to a certain extent are measurable.
The absence of glacial markings in the direction of the

axis of the lakes goes to prove that they have not been
hollowed out by ice.

Round the Great Ijakes are found traces of terraces

• " The Duration of Niagara Falls ant) the History of the Great
Lakes." By J. W. Spencer, .\.M., Ph.D., F.O.S. .>-'i-eonil Edition
189). (Alhany; The Commissioners of the N.V. State Reservation
at -Viapaia.)

composed of waterworn pebbles, the result of the action
of waves or of currents. These Dr. Spencer has examined
and surveyed, and concludes that they are of marine
origin at a time when there was a depression of the surface

to over two thousand feet below its present level. He does
not discuss the theory that they may have formed the
shores of lakes retained by moraines, but he points out
that glacial lakes retained by ice are neither large enough
nor sufficiently long lived to account for such beaches.
The depression of the continent at the time of the newest
till is no more impossible than the generally admitted
elevation of the pre-Pleistocene period, but the discon-

tinuity of the terraces and the absence of salt-water deposits

are difficulties in the way of the theory of their marine
origin. The first of these objections is met by the answer
that these terraces have not yet been perfectly explored,

that subsequent terrestrial movements may have deformed
them, and that erosive and other agents have been at work
modifying the topographical features. As to marine
deposits, these are found at a height of five hundred and
twenty feet, but their absence at higher levels is not
evidence of the non-marine character of these old shores,

since there are many marine beaches in which no fossils

are found.

When the depression of the land was greatest the region

of the Great Lakes was then a huge ocean gulf, whose
shores formed one of the raised beaches Dr. Spencer has
surveyed. It is possible that at times the narrower parts

of the gulf may have been filled up from giant glaciers,

but these ice barriers could not retain a vast volume of

water for any lengthened time.

But a close examination of the raised beaches leads to

other conclusions. Tliey do not lie parallel to the present

water surface of the Great Lakes, but are usually higher
above the kke level in the east than in the west, in the
north than in the south. This aflords important evidence
of terrestrial deformation having taken place since the
formation of these beaches ; and these alterations of levels

have resulted in the formation of the Great Lakes.
The first uplift seems to have taken place in the region

to the south-east of the present Lake Huron, and when
the land had risen one hundred and fifty feet the upper
waters of the original gulf, covering Lakes Superior,

Michigan, Huron, and Georgia, were separated from the
lower waters which extended over the present Lakes
Ontario and Erie. This great lake was at first joined to

the sea by a broad strait covering the present Lake
Nipissing and the Ottawa Valley.

The nest event was the isolation of Lake Erie, and at

first its waters, too, flowed to the Ontario Gulf without
any perceptible fall. The upward movement of the land
continued until there were three huudred feet of difference

between the levels of the gulf and the lake, and the
Niagara Falls came into existence. But the water falling

over them was only that of Lake Erie, for the overflow of

the upper lake still took place by the Ottawa Valley. This
was the time when the beach round Lake Ontario (which
Dr. Spencer calls the Iroquois) was formed approximately
at the sea-level, and must have been after the uppermost
drift was deposited, as it rests on mud covering the till.

This beach is three hundred and sixty-three feet above the

sea (one hundred and sixteen above the lake) at the western
end of the lake, but it rises especially in the north, and at

the east end it is six hundred feet higher than at the west
end.

As the uplift continued more rapidly in the east than in

the west the communication with tlie sea was gradually

closed, save by the present channel of the St. Lawrence,
and Lake Ontario was formed. The rising of the land
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went on, with some short pauses, until the level of

the waters ultimately reached eighty feet below the

present surface at the mouth of the Niagara (lorge,

when the Niagara River was about four miles longer than

now.
The Niagara River, which had first been a strait joining

Lake I'a-ie to the Ontarian (lulf, became a wide, shallow,

rapid stream; and then, as the waters of the lower lake

subsided, its bed narrowed and its fall iueroased to four

hundred and twenty feet. ]'>ut the river was soon greatly

enlarged. 'I'he hind was rising to the north of Ontario as

well, and ultimately the outlet from Ijake Huron to the

Ottawa ^"allcy was blocked, and the surplus waters of the

three greatest lakes llowed by their present course to Lake
Erie, and thence by the Niagara River.

With the continued rise of the laud, especially towards

the east of Ontario, the water-level rose until it attained

its present elevation, and the fall of the river between the

two lakes was reduced to the present three hundred and
twenty-six feet.

Can dates be assigned to these events '? The first

estimate of the age of Niagara River was given by Ellicott

over a century ago at fifty-five thousand four hundred
and forty years ; Hakewell, in 1830, gave twelve

thousand ; Ijyell's estimate of thirty-five thousand was
accepted for many years after 1841 ; but recent writers,

using the mean rate of recession during forty-eight years

as determined by surveys, make the value about nine

thousand years.

] >r. Spencer has made a new and careful computation of

the age of the Niagara River and Falls. He shows that the

recent estimates have not taken into account the various

changes that liave occurred in the fall and volume of the

river. His calculations result in a value nearly that of

Lyell's. Dr. Spencer believes the Niagara River was
formed thirty-two thousand years ago, and that a thousand

years later the falls were in existence. For seventeen

thousand two hundred years their height was about two
hundred feet ; thereafter the water fell four hundred and
twenty feet. Seven thousand eight hundred years ago

the drainage of Lakes Superior, Michigan, and Huron first

flowed through the Niagara Gorge, and three thousand
years ago the waters rose in Lake Ontario until the level

reached that of to-day. The falls, then, are thirty-one

thousand years old. This estimate, calculated from the

rate of erosion, is confirmed by another made from the

terrestrial movements.
Two deductions may be given—one as to the past, the

other concerning the future.

The lakes came into existence after the glacial epoch,

and Niagara after the lakes ; and calculations based on the

mean rate of rise of the beaches in the earlier period of

the lakes' history show " that the close of the ice age

may safely be placed at fifty thousand years ago."

As to the future. " With the present rate of calculated

terrestrial uplift in the Niagara district, and the rate of

recession of the falls continued or even doubled, before the

cataract shall have reached the Devonian escarpment at

Bufi'alo, that limestone barrier shall have been raised so

high as to turn the waters of the upper lakes into the

Mississippi drainage by way of Chicago. An elevation of

sixty feet at the outlet of Lake Erie would bring the rocky

floor of the channel as high as the Chicago divide, and an

elevation of seventy feet would completely divert the

drainage. This would require five thousand to six thousand

years at the estimated rate of terrestrial elevation."

"A Ceocodile Mtjsimy."—Tlie reference to the reign of Ptolemy
PliOadelplius as ii.c. 330, at page 211 of the September Number,
slioiild have read " B.C. 2H(),"

THE TRANSITION FROM STEM TO ROOT.

By A. Maslen.

WHILST all students of botany may be presumed
to be sufficiently acquainted with the minuter
structure of the Phanerogamic members, and
to know the fundamental anatomical dis-

tinctions between the stem and its direct

prolongation downwards, the root, there still exists a

region, viz., the hypocotyl—in which the actual transition

takes place—about which their knowledge is perfectly nil.

For information on this particular the student may search

in vain in the ordinary smaller botanical text-books,

excepting only the admirable little book of Dr. Scott

("Structural 13otany." London: Adam & Charles Black,

1894), in which will be found a very clear though
necessarily short account of the transition as it takes place

in the Wallflower.

It seems opportune, therefore, now that a considerable

amount of work has been done on this neglected subject,

although very much still remains to be done, to endeavour

to give a necessarily short but succinct account of our

present knowledge.
It may, perhaps, conduce to clearness if we give just a

brief rrsunu'' of the structure of a stem and root of a

typical Dicotyledon or Gymnosperm. In a transverse

section of such a stem we see around the pith an inter-

rupted zone of vascular bundles, each of which consists

of phloem lying externally, i.e., next the cortex, folloTved

inwards by the xylem or wood, between which and the

phloem is a band of actively dividing cells—the cambium.
Such an arrangement, in which the xylem and phloem
groups both lie on one and the same radius, constitutes

what is known as a collateral bundle. But a point of

great anatomical importance has been omitted, namely.

TrrB I.—A, Diagram showing longitudinal course of bundles

through hypoeotvl. P The phloem. X The xylem (smiller elements

the proto-x_\lem ) B, C, D, E, Diagrammatic tr.insverse sections

through the hypocotyl showing transition from stem to root structure,

r The phloem", p x The proto-xylem. B, Through fg. C, Through
n I. D, Through K L. K, Root structure. (The arrows indicate the

way ia which the rotation of the proto-xyleui takes place).

that in the stem the first-formed xylem, or proto-xylem,

which consists of smaller elements than either the later-

formed primary xylem or the secondary xylem formed by

the activity of the cambium, and which, moreover, is the

only part of the xylem having annular or spiral thickening,

(V aliiiii/n internal, i.e., 7ie.rt iha pith.

If, now, we turn to the root, diflferences are at once

evident. If we examine a sufficiently young root (before

secondary thickening has set in) we shall see that each

bundle consists not of xylem and phloem, but of only one

of these constituents, and that, moreover, the xylem does
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not lie just inside a phloem group as in the stem, but the

two are arranged on alternate radii ; hence such an
arrangement of the bundles, which is typical of roots,

is known as raclial. Moreover, here the proto-xylem
or oldest wood is formed at the outside of tlie primary
xylexi.

It is this position of the proto-xylem with reference to

the primary xylem which constitutes the most valuable
criterion in distinguishing between sections of stem and
root—by no means an easy matter, especially after a deal

of secondary thickening has taken place.

It is clear, that the physiological necessities of the
case demand perfect continuity of the corresponding
tissues of stem and root, and we will now consider

the structure of that part of the axis between the root

and cotyledons, viz. : the hypocotyledonary stem or

hypocotyl.

Transition from stem to root.—The work at present done
enables us to distinguish at least four good leading types,

which we will now proceed to consider in order—taking
the simpler modes first :

—

Type I. Ex Common Fumitory {Fumaria officinalis),

Pinus, etc. Here the leaf-traces, as they come in from
the cotyledons, place themselves in pairs, each pair lying

tangentially across the stem with the protoxylems facing

one another. The phloem (bast) then goes down into the

root unchanged in position, whilst

the xylem of each bundle divides

into two portions, which diverge and
ultimately coalesce with the cor-

responding segments of the xylem of

its neighbours. Meanwhile the proto-

xi/leiiis hare rotated SO as to be, not at

the inner limit of the bundle, but at

the most peripheral part of the pri-

mary xylem of the root.

In this way we get the transition

from the nearly collateral bundles at

the upper part to the typically radial

arrangement of the bundles at the

lower region of the hypocotyl, i.e.,

where they enter the root.

Ex Biota {(.'upressituw), Medicago, etc. Here
It is the

Tti'E II.—Diagram
showing longitudinal

course of the bundles
through the I'Vpocotvl.

p The pldoem. px Tlie

proto-xvlem.

Type II.

•we have the converse case to the foregoing,

xylem which goes down unaltered except for the rotation

of the proto-xylem, whilst the phloc-m divides in a manner
similar to the xylem of Type I.

Type III. Ex Phaseolus, CheLranthus (wallflower), etc.

Tyi'K III.— A, Diagram sliowing longitudinal course of the bui'dles

through the liypueotvl. V Tlu' pldoi'm. p X Tlie protoxyleiu.
B, C, D, Diagraunuatiu transverse sections (four bundles only are
shown), li, Through B F. C, Through o ii. D, Koot structure.

This is a common type where there occur a relatively

large number of leaf-traces ; and whereas in Types I.

and II. there are as many bundles in the root as
there are separate groups of xylem and phloem in the
upper part of the hypocotyl, here there are only half as
many.
The two xylem strands of each pair fuse, whilst the

phloem strands of each pair diverge more and more from
each other until ultimately they coalesce with the adjacent
phloem strands belonging to the pairs right and left of

them. Meanwhile, the proto-xylem has rotated to the
periphery of the xylem mass.

,

1)1 the root, therefore, each xylem mass is the direct

prolongation downwards of the two xylems of one pair,

whilst each phloem mass is the continuation of the phloem
of the adjacent bundles belonging to tno pairs.

If we consider a series of transverse sections—in
Phaseoliis multiflnrus—passing through the lower part of

the stem, the hypocotyl, and the upper portion of the
root, we see the following consecutive changes. At the
base of the young stem we have typical collateral leaf-

trace bundles. Lower, the cotyledonary bundles enter
and join with the leaf-trace bundles, so that immediately
below the insertion of the cotyledons we have eight

vascular bundles in pairs ; but in each pair the proto-

xylem groups are not directed straight inwards, but are

turned towards one another. Moreover, the primary
xylem is not directly opposite the phloem, but lies so that

the two groups of xylem belonging to each pair are nearer
to each other than are the corresponding phloem groups.

A section still lower will show that the xylem groups
approach one another, and ultimately fuse at the same
time that their proto-xylem turns more and more towards
the outside.

Meanwhile the phloem strands have undergone a similar

change in the reverse direction. A section still lower will

show that the xylem has closed up, the proto-xylem is

directed straight outwards, and we have reached the typical

root structure.

Type IV. Convolvulus, etc. Here matters are some-
what complicated by the structure

of the vascular bundles, which are

bi-collateral, i.e., each bundle has
two groups of phloem, one being

situated on the outside of the xylem
and a second on its inner side. We
have a similar transition to the

Phase(dtis type, with the internal

phloem superadded.
The internal phloi-m joins the

phloem on the outer side of the

bundle, passing in between the

converging xylem groups.

It is evident that this phloem
must cross the cambium, but it is

not at all clear how this is eft'ected ;

whether it passes bodily through
(which is improbable), or whether
it is continuous through the cam-
bium only in a metaphysical sense,

i.e., in the sense that a medullary ray is continuous
through it.

In all the foregoing types, therefore, in spite of the

different arranitenient, the xylem and phloi5m of the main
root are the direct downward continuation of the cor-

responding tissues of the stem, and this continuity is

also preserved in the case of the pericycle as well as

the endodermis and other cortical tissues. The oaly
aiirupt change is that of the epidermis of the stem to the

piliferous layer of the root, /.<., the layer which produces

the root-hairs.

Typb IV.— Diagram
sliowing longitudinal

course of the bundles
through the hy|x>cotvl.

V Kxternal phloem, p p

Internal phloem, p i
The proto-xylem.
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PHILOLOGICAL NOTE ON THE CONSTELLA-
TIONS URSA MAJOR AND URSA MINOR.

By John H. Reynolds.

THERE is probably no constellation in the heavens
which has excited such general interest amongst
all nations and in all ages as the (neat Bear. Its

seven principal stars, nearly equal in magnitude,
seem so conspicuously connected to the eye that

even primeval man must have been impressed with their

very definite appearance." It is mentioned in the Rig
Veda, perhaps the oldest piece of Aryan literature extant

;

it is recorded in Chaldscau and Egyptian monuments
;

Homer makes mention of it in the " Iliad " when
dcTcribing the shield of Achilles :

—

" The Pleiades, tlie Hvades, tlie might
Of hii^^e Orion : witli lier Arelos ealled.

Known also by the people's name, the Wain,
Thut spins around the I'ole."

And it is noticed in the works of Hesiod, Aratus, Ovid,

Virgil, and Dante.

Its general name in Europe at the present time is "The
Great Bear," which is simply a translation of the Latin

"Ursa ]\Iajor." However, it goes by several other names
besides. It is known in the British Isles as " The Plough,"

"The Waggon and Hors s," and " Charles's Wain "
; in

Fiance as "Le Grand Chariot" ; in America—thatcountry

of vulgarisms—as "Tuo Great Dipper," ?'.«., "ladle";
while the North American Indians call it " Paukimiwaw,"
which ia said to mean " Ye stand alone."

Its likeness to a plough or waggon is very easily

discernible, and it is only natural that we should find this

idea generally adopted in all countries, ancient and modern.
The Romans grouped the Great and Little Bear together

and called them " Triones," literally "The Ploughing
Oxen." The Great Bear by itself was called " Septen-

triones," or " The Seven Ploughing Oxen," the idea

contained in this phrase being that the constellation known
to us as " The Little Bear " was a plough, drawn by seven

oxen, which were represented by the seven bright stars of

the Great Bear. It was known to the Greeks also as

a/iata, the " Waggon " or " Wain." The Greek mariners
always sailed by the Great Bear, which they called IXt/o),

" The Swinger," as it appeared to swing round the Pole

once every twenty-four hours. The Pho-nicians, on the

other hand, used the Little Bear, which received from them
the name of " Cynosura " (" The Dog's Tail ").

The ancient Egyptians, iancying they saw a resemblance
to the haunch of an ox, called it " JIaskhait," and depicted

it as the detached leg, shoulder, and head of an ox ; one
of their " nomes " or provinces was named " The Nome of

the Haunch " after it. f The Babylonians also had a name
for it, but up to the present the constellation has not been
satisfactorily identified.

The Latin itisa is of course the feminine form of iir.sus,

and should be properly translated as "The She-Bear":
the Greek word cipnTos, when Latinised, became urctns, con-
tracted into ursus, and the idea of calling it " The Bear "

came originally from the Greeks.

How it came to be called "The Bear" is a very interesting

question. Virgil calls it " Lycaonis Arcton," or " Lycaon's
Bear," which is explained by Ovid thus :—Callisto, the
daughter of Lycaon, King of Arcadia, being beloved by
Jupiter, was metamorphosed into a she-bear by Juno (or

* Besides this apparent connection there seems to be a real physical
one existing, as all the seven stars have been found to have a c.p.m.

through space

t This constellation is still known to the Arabs of the Pyramids
as " Er-rigl " (" The Haunch ").

Diana), who was jealous of her ; whilst in this shape she
was killed in the chase, whereupon Jupiter transferred her
to the stars. This legend, however, arose after the constel-

lation was called " The Bear," and was invented simply to

explain its presence in the sky. It is impossible that the

Greeks should first have given it this name from a supposed
resemblance to the animal, as they must have known what
bears were like well enough not to have credited the animal
with such a preposterous length of tail.

The most likely solution is that treated so eloquently
in Max Miiller's " Science of Languages." In the Rig
Veda, before mentioned, there is the following passage :—

•

" The Riksha, which are placed on high, and are seen
by night, whither do they go by day?" The root rich

means " to shine," and rihs/m meant primarily " the

shining ones," and was applied to this constellation by
the ancient Aryans ; but the name rikslut was also given
to the animal with shining eyes and shining glossy hair,

i.e., the bear. By a natural coufusion of ideas, the con-

stellation itself ultimately became to be known as " The
Bear," while the similar arrangement of seven smaller

stars near Polaris was termed " The Little liaar." As Max
Miiller says in the book already referred to :

—" The sur-

prise with which many a thoughtful observer has looked at

these seven bright stars, wondering why they were ever

called ' The Bear,' is removed by reference to the early

annals of human speech."

[I do not think it at all impossible that the Great Bear
was so named by the ancients from a supposed resem-
blance to the animal. The distinguishing feature of the
bear is its broad, flat feet, and these the celestial Bear
certainly possesses in the three remarkable pairs of stars,

I and K, A and jx, and v and 0. If the name of any animal was
to be given to the group, the bear was certainly the most
natural to be chosen, in spite of the long tail which Ursa
Major has to carry. On the other hand, Max Miiller's

explanation seems to me a little forced. Surely the

ancient Aryans did not know the Polar bear ; whilst the

brown bear has no special claim to be regarded as " the

animal with shining eyes and shining glossy hiir."

—

E. Walter Maunder.]

TOTAL ECLIPSE OF THE SUN.

THE following are the attendant phenomena that
were observed during the total eclipse of the
sun, occurring August 9th, and seen from the

American line s.s. Ohio, off Stot Island, on the

west coast of Norway, latitude C6° 57' N.,

longitude 13° 80' E.
According to Greenwich mean time, the first contact

occurred at 8d. 14hrs. 5Hmin. 223ec., and careful watch
was made for the shadow bands. As the black disc of the

moon slowly encroached upon the sun, a sombre, yellowish

hue spread over the ocean and the hills on the Kuunen
promontory near by, and just before totality a bank of

grey clouds settled on the top of the hills. At the same
instant the temperature fell two degrees, from 53° to 51°,

whilst the seagulls flew affrighted from the approaching
darkness. In the vicinity of the sun during totality the
sky was cloudless, but of a dull greyish hue, and we were
fortunate in having a perfect and uninterrupted view of the

coronal streamers. A brief second before totality a faint

outline of the inner corona could be seen, whilst during

totality it was noticeable that the streamers directed from
the solar poles were shorter and less brilliant than those

extending along the eastern line. Along the western line a

streamer reached to a distance equalling apparently three
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times the diameter of the sun. Near the western edge there

were two large prominences, whilst only a few smaller cues
were to be seen on the eastern edge. Two or three seconds
before totality ended, a narrow, dark streak of strong red

light made its appearance on the western edge of the

moon, and next moment the sun burst forth in a blaze of

glory, and tie corona vanibhid ; but that impressive Fcen^,

occupying one minute and thirty-five seconds, is one that

can never be forgotten. During totality, the planets

Mercury, Venus, and Jupiter were plainly to be seen, and
some of the well-known constellations. I could not spare

the time to get a glimpse of Regulus, but it was seen by
Captain Boggs and the chief otMcer of the ship, and also

by some of the passengers. We closely observed the

eclipse till the final contact, and within half an hour of

totality clouds drifted across the sun resembling the
cloud-belts seen upon the planet Jupiter. Just before the

last contact the clouds were still drifting in that direction,

so that we had to watch most carefully to detect the exact

moment of the final contact.

The following are the data of the eclipse, furnished by
Captain Boggs and E. Roberts, chief otficer, and made
according to the ship's chronometer and Greenwich mean
lime :

—

Augiut
ays
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exceeds two miles in height, whilst two of its peaks would
much overtop Mont Blanc. Two ring plains, themselves

ipf great extent, occupy the south-western and north-western

portions of the wall, and a chain of important but smaller

pint,' plains follow a well-marked curve across the centre of

|;he great plain. An infinity of minor details will reveal

themselves to the student either at the telescope or upon
examination of the photograph, and repay his scrutiny ; <

whilst, as a mere spectacle, from its vast extent and the

loftiness of its rampart (Uavius ia an object of extreme

heauty when seen on either terminator.

The next in importance to Clavius is Maginua, the

border of which is an object of the most complicated

structure. As seen in the photograph, the western ram-

part appears as complete as that of any of the neighbouring
plains, whilst it is much loftier. The eastern wall is

honeycombed with craters and small ring plains of great

depth. The region to the north-west of tUavius and
south-east of Mnginus is a mountain labyrinth of the

greatest intricacy.

Third of the walled plains

before us is Longomontanus,
with an area about that of

Yorkshire. This, from its higher
illumination, appears a much
shallower formation than the two
already mentioned, and indeed

its rampart is not quite so high
;

still, its principal peak, which is

quite clearly seen on the photo-

graph, rises to a height above the

interior equal to that of Mont
Rosa.

Of the smaller walled plains,

Klaproth may be readily distin-

guished on the photograph by
its smooth floor ; Casatus, its

companion, by a deep central

ring plain and by a rampart of

unusual height, its highest peak,

which the photograph distinctly

shows at the western angle, at-

taining a height of over four

miles. Moving westward from
Casatus we come to Newton, per-

haps the deepest walled plain on
the moon. On the western side of this, a bright pro-
jection is seen in the plate, marking the place of the
chief peak of Newton, one of the very loftiest that the
entire lunar surface presents. Moretus is distinguished
by its superb central mountain, according to Beer
and Miidler the highest central mountain on the whole
moon.

Of the other formations, the most considerable are
Scheiner and Blancanus, to the south of Clavius, and
Curtius on the terminator. The northern wall still retains
in its principal peaks the sunlight which has passed from
the interior of the plain, for it towers some sixteen thousand
feet high, and in its loftiest peak it rivals even the pinnacle
of Casatus. Kircher, near the eastern edge of the plate,
reveals its character very plainly as a very deep ring plain
with a smooth floor. The south pole lies in the shadow
where the limb appears broken at the top of the picture
near the terminator. Lastly, if we follow the terminator
to an inch and a half from the foot of the plate, we find
the sunlight withdrawing itself from the ring plain of
Lilius, an object which just came into the fttld of our last
lunar reproduction, namely, that which appeared in
KKowLF.iHiB for Apiil, 1806,

THE RECEPTION OF DR. HANSEN AT
CHRISTIANIA.

WIII'IN the news of Dr. Nansen's return with

jjieutenant .Johanson iirst reached Christiania

it was scarcely believed. When the report

was confirmed, however, and we read the

account of his marvellous journey, the uni-

versal excitement and enthusiasm throughout the country

were quite unprecedented. The news of the arrival of the

Fiiim, with all on board well, a week or so later, of course

added to the fire already kindled, and all Norway seemed

to go mad. Preparations were soon begun for a national

reception at Christiania. This took place, as the readers

of Knowledue will remember, on September 9th, and a

few details of the lete by an eye-witness may not be out of

place here, since they concern one who has undoubtedly

immensely benefited science by his wonderful journey.

It was a glorious sight that met our eyes as wc steamed

into the harbour in our little launch. Ship after ship,

The Harbour before tlie arrival of the Fnrn

decked from bow to stern with flags, was taking up her
place in the double hne which was to steam up the fjord

to meet the Fram, The ice brrakers with their broad
beams led the way, and these were followed in long lines,

almost as far as the eye could see, by steamers of every

sort and shape, each one having an assigned position

according to her size. Glancing toward the shore one
could see hundreds and hundreds of sailing boats and
rowing boats—a mass of flags and bunting.

At last we caught sight of some gunboats, and then the

Fram, conspicuous by her tall mast and white crow's-nest,

appeared from behind a distant point. Salute after salute

was fired from fort and gunboat, as she passed up between
the lines, while every steamer dipped her flag, and every

man cheered until he was hoarse.

Then the boats turned and followed the Fram into

harbour. Arrived there, Nansen ar d his brave companions
were rowed ashore by a crew from tlie training ship. The
reception on shore was quite as grand in its way as the

reception on the sea. Speeches were made on the quay,

and again at the University, as these thirteen men drove

through the densely packed streets to the castle. The
whole town was decorated in the most gorgeous fashion,
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Such universal enthusiasm would indeed be difiBcult to
match ; the sharp hurrahs and the clapping of hands of

the Norwegians, and every now and then, high above the
general clamour, the "hip, hip, hurrahs" of a party of
Englishmen, deafened all around.

At length the procession arrived at the palace, and
while Nansen and his comrades were being received by

sustained. Yet she appears perfectly sound, and the only
evidence of the rough usage by the ice is the paintless

condition of her hull.

Getting on board, we were first attracted by some
shaggy-coated. handsome sledge dogs, bom

The Frnm being towed into Cliristiania Harbour.

the King, a huge, expectant crowd gathered below. They
were not to be denied another chance of seeing their

champions. Continual cheering and clapping of hands went
on, while one man cried out "All hands on deck." Almost
immediately, as if in response, the King in person led

out Nansen and Sverdrup to the balcony ; then the rest

of the expedition, and once more Nansen— this time alone

—

and never did the enthusiasm abate.

A great state dinner followed, and in the evening

perhaps the most picturesque sight of all, though witnessed

by comparatively few. I)r. Nansen lives in an elegant

little house overlooking the fjord at Lysaker, some four

miles from C'bristiania. Along the wbole route, as he
drove home, torches and coloured lights were blazing.

Arrived at his house a pretty scene was enacted. In

answer to the cheers of the crowd, Nansen came out.

and with much feeling exclaimed, " Many thanks—many
tbanks to everybody." His fine figure silhouetted in the

doorway, end a glimpse of those within preparing hi.s

coffee, formed a vivid contrast of peaceful home life with
the hardships and dangers which he had experienced

during the past three years.

Two days afterwards Lieutenant .lohansen very kindly

showed us over the l-'ruin. It seems incredible that any
boat could stand^at all events without injury—sucu
pressure and knocking about as this wonderful boat has

i

up m the
Arctic regions, with their mother, who is the only

survivor of all the dogs taken out. Then we went down
into the fore hold, and
Johansen showed us the

kayaks, sledges, and ski

used by himself and Nansen
on their memorable
journey. A greasy dirty

pot, too, blackened and
covered with blubber, in

which they boiled their

soup. He also showed us

their sleeping bag, made
out of a Polar bear's skin,

with the fur inside, re-

marking as he drew it out,
" Many is the good time
Nansen and I have had
in that !

" and one could

well imagine it after toiling

and straining all day. The
sledges bore many traces of

the hard work they had
been put to, being tied and
patched all over with con-

summate care. On their

journey across the ice the

sledges bore the kayaks,

while the kayaks bore the

sledges across the water,

and one wondered that such
frail craft could take such
a load unless in the calmest
sea. We visited the tiny

saloon and cabins, and
examined the rifles and
other equipments, all of

which had their interest

when one considered that the fate, maybe, of both ship

The Crowds in tlie Streets after the Procession.

and crew depended on every little thing going right. Aa
American organ in the saloon was not the least interesting
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object, and that it had been much used, and by no tender

hands, to cheer those on board in the long Arctic niglit,

was apparent.

In conchision, let U3 heartily congratulate Dr. Nansen
and his brave corapauious on their wonderful success, not

only in rcachini,' the fartliost point north ever before

attained by man. but in bringing back ship and crew safe

and well, and with three years' provisions still on board.

n. F. W.

Hcttcrs.
[The Editors do not hold tlipmselves responsible for the opinions or

statements of eorrespondents.]

UOW TO OBSERVK Till'. I.VTKKIOR OK ONE'S OWN EVES.
To the EdUorx of Knowledge.

SiEs, — In Kkowleixje for May, 1894, Vol. XVII.,

p. 117, a letter appeared describing how a man may fee a
cataract on his own eye by looking through a pinhole in a
card held close to the eye. But there are many other and
some better methods of seeing this and any other markings
there may be, either in, on, or in front of the eye ; eyelashes
will bo seen if they are allowed to come in the way, or

drops of water on the surface, :ind musca^ vohtantes are very
clearly seen. Some methods of viewing the marks have
one advantage, and others have another. One of the best

is by looking at a bright star or distant lamp through a

telefcope, using a high power eyepiece very greatly out of

focus. Instead of a star, the sun or moon may be used,

especially if the aperture of the telescope be reduced to

very small dimensions. Or an eyepiece alone, without the
telescope, but keking through a pinhole diaphragm. Or
one may look through a microscope at a concave reflector

turned to tl e sky, the reflector being covered by a piece of

paper with a small hole in it. Any point of light close to

the eye will do, such as the sun's reflection in a small
drop of water.

In some of these wajs tie maiks may be seen quite

sharply defined and very highly magnified ; but they are

necessarily boidered by diffraction lines and rings. By
moving the eye, one can distinguish by the changing
positions and apparent size of the marks the various
depths from the surface at which they are situated

;

and by suitable experiments one can measure these
distances when the focal length of the lens used is

known. I thus calculate—without allowing for the re-

fraction of the eye— that in my own case the principal

marks are at a depth of about 26 inch from the surface,

while the next in importance are at about 0-10 inch. These
measur(ments are cnly rough, but I have no doubt it would
be possible to make tlum with a high degree of accuracy.
If the lefi action of the eye were allowed for, the distance
of the marks from the surface would come out greater.

I have made an estimate of the degree of magnification
obtained by some of the methods named. One of the
marks on the lens of the eye was found to be 0-017 inch
across ; and this was so magnified as to subtend an angle
of seventeen degrees or more. If such an object were viewed
at a distance of ten inches, which is considered a normal
distance, its diameter would be six minutes of arc. Its

magnification to a diameter of seventeen degrees is therefore

equivalent to viewing it with a magnifying power of one
hundred and seventy. The advantage of high magnification
is partly neutralized by the difBculty of keeping one's eye
steady, and the consequent great mobility of the image

;

also by the outlines being less sharp.

It is very interesting to observe the changes taking place
in one's eyes from time to time, and to note how extremely
slow most of such changes are. T. W. Backhouse.

TAUIABLE STARS.
To the Editors of KNOwi.KDfiE.

Sins,— Chandler's Third Catalogue of variable stars has
appeared, and is an invaluable document involving an im-

mense amount of work and judicial calmness, both of

which have been bestowed upon it to the great credit and
honour of the author.

Turning to the stars in which the present writer and
many of your readers have been interested during the past

two years, Mr. Chandler, in his notes, says of Mira o Ceti:—
" S()(). Discovered by Fabricius, 159(i ; recognized as

periodically var. by Ilohvarda, l(iS8. Principal epoch

of elements in catalogue corresponds to Fp. 227 of Arge-

landcr. Periodical terms given in Second Catalogue are

here suppressed. Altboagh they are undoubtedly real,

complication with other unknown terms makes the

accurate prediction of phases at present impossible.

9"' 1 foil. 7^ 7, 10" N."

This satisfies my contention, and shows that the dis-

cussion on Mira in Knowledge last year was both timely

and useful— in good saason and with good cause.

It is remarkable now, at the close of the third

centenary of its discovery, that such an announcement
should be made, and the question naturally arises : Has a

new term come in, or have the observations been more
frequent and careful—the observers more numerous and
self-relying '? No doubt new blood, fresh thought working

beyond the shadow of great minds, away from the in-

fluence of authority, is useful, if not essential to devilop-

ment and progress. Be this as it may, Mira the Wonder
sinks to her third centennial minimum a greater wonder

—

a deeper mystery—than ever.

Before quitting this subject, it may be useful to say that

full weight is not given by the writer to hi:? cstiuiate of

the light of Mira, January 19th (Knowled iE, Jun"). The
conditions were not quite normal.

In reference to R Leonis, which has also been mentioned
in these notes, Mr. Chandler says :

—

''3493. The periodical inequality of the elements in

the Second tiatalogue certainly exist. But the observations

of the last few years show that it is comjlicated with

other unknown terms. Until the law is developed by

future observations, it seems best to use only the uniform

period of the catalogue for prediction of phases."

In the last eight years the errors in miximum of this

star have been as follows :

—

1888,
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Much new matter Las been added to the Third Catalogue,

and it seems indispensable to observers of variable stars.

Memphis Town, U.S.A. David Flanery.
» »

TDEEIDIOX LIXEATCM—A XEW VAEIETY.
To the Editors of Knowledge.

Sirs, -At the beginning of August I found on a nut

hedge at Elmsett, Suffolk, a bright-coloured yellowish-

green spider, devoid of markings on the upper part of the

body, and only marked by faint grey transverse lines under

the abdomen. Having never met with this spider before,

I shall be glad to know if any reader of Knowledge is

acquainted with it. This variety appears of rather sluggish

habit, and is not retiring ; it drops by a short line, and
then commences fresh operations among the leaves. 1

note that the colour has a strong "protective resemblance''

to that of the leaves where I found it. Size rather

smaller and abdomen more globular than the variety of

theridion, Plate IX., lA, in Staveley's '• British Spiders."

Samuel Barber.

SUXSPOTS.
To the Editors of Knowledge.

Sirs,—It would be very interesting to know, if those

who make solar physics their study would tell us, whether
they think the decline of sunspots and facube which
is now taking place, in any way causes a decline of stDrms

here.

It seems to be acknowledged that any sudden disturbance

on their part (as September 1st, 1859) causes at ouce a

corresponding electrical storm here.

\Ye seem to have by no means had as many thunder-

storms as usual this year. It would be interesting to know
whether, on the average, the storms are less as a rule

when the spots are at a minimum, or not.

Albert Collisox.

[Both the late Mr. Whipple and Mr. Ellis, than whom
there are no higher authorities, regarded the supposed
correspondence between the solar outburstof September 1st,

1859, and the small magnetic movement observed at Kew
and Greenwich on the same day, as a mere accidental

coincidence. Magnetic movements are the only terrestrial

phenomena which have as yet been conclusively shown to

vary in connection with the changes in solar spots, and
even in their case the relation is so far from being a simple

one that, beyond a general correspondence in the two
curves, and a rough coincidence as to the time of certain

exceptionally large disturbances, we are unable to state

anything as to its character. To trace a connection
between terrestrial weather and sunspots, should it ever

be accomplished, will be a far more intricate task, and it

may safely be predicted that the complicated irregularities

of English seasons will not furnish us with our first clues

tos'ards a solution of the problem.—E. Walter Maunder.^

THE THEORY OF THE TIDES.
To the Editors of Knowledge.

Sirs,—Will you allow me to notice briefly the letter of

your correspondent >[r. G. H. Hill, in your September
Number ?

In the " weight " theory there is an undoubted cause for

tide bulge, but an insignificant one, the actual amount
of its insignificance not being worth dispute. Nor does
it seem material whether one has in mind the full force of
gravity or its diminished effective force, when one says
that the tidal power of the moon can raise nothing towards
herself in direct opposition to gravity. The numbers
quoted in his third paragraph are now obsolete, the data
having been changed since the calculations were made.
The quotation from the " Outlines " oficrs no explanation

of how "the differenca of the attractions "' raises up the

waters ; but, reading further on, we find that the author,

following up his analogy of perturbation, gives an explana-

tion of the tide bulges which is remarkable among
explanations for containing no trace of the ideas of
" suction " and " slip," He shows that the tidal forces, with
him the " disturbing force,'' when compounded as a whole
with gravity, give for each particle of the water an
effective gravity of altered intensity (1) and of excentric

direction (2) ; and, applying to that state of things the

law " which requires the direction of gravity to be every-

where perpendicular to the surface of a fluid in equiUbrio,"

he deduces the form of an elongated ellipsoid.

The application of that law involves the admission,

though it somewhat conceals the fact, that the agent in

the change of form, or bulging, is water pressure due to

the tidal forces. J. Creagh.

Notices of Boofts.

Report of the United States Xiitiiituil Museum. 1893.
Pp. 794. (Washington : Government Printing OfiBce.)

We are not among those who take every opportunity to

belittle the systems of our mother-country, but with this

ponderous and wonderful report before us the thought
comes that British Governments could learn a lesson of

liberality to science from across the Atlantic. The report

is not merely a bald statement of work accomplished at

the United States National Museum in 1893 ; it is a library

in itself on museums and their administration. There is a
section on recent advances in museum method, illustrated

by sixty fine process-blocks representing specimens, groups,

and methods of arrangement in the United States National
Museum. There are also numerous long papers describing

and illustrating collections in the museum, among the
subjects being the poisonous snakes of North America,
Chinese games with dice and dominoes, the onyx marbles,
cowbirds, primitive American armour, the weapons and
wings of birds, and the ethnology of Tibet. In fact, the
report is a veritable mine of information which curators of

museums know and treasure, and which naturalists

generally should take the earliest opportunity of seeing.

On the Adjustment and Testiwi of Telescoyic Ohjectives.

(T. Cooke it Sons.) The first edition of this little work,
published in the summer of 1891, met with such a favour-

able reception by the astronomical pubhc— being deemed
worthy of being translated into (ierman by Dr. Rudolph
Straubel, of Jena, and into Itilian by Prof. Tocchini—that

the authors felt justified in preparing a second and larger

edition. This is all the more necessary since Messrs. T.
t'joke & Sons, in the spring of 18!il, introduced to astro-

nomers a new objective, consisting of a triple lens, adapted
for either photographic or visual observations, and superior

to the double lens hitherto made in being perfectly achro-
matic. This form of object glass has proved so entirely

satisfactory that it will probably be alone made at the
Buckingham Works, York, to the exclusion of all other.

The first part of the book corresponds to the first

edition, but it has been carefully revised, and a description
of the new Cooke photo-visual objective added. Mr.
Dennis Taylor's two valuable papers, read before the Royal
Astronomical Society, on "Secondary Colour .Aberrations"

and " A Perfectly Achromatic Refractor," are added as
supplements, and increase the completeness and value of
what was from the beginning a most useful little manual.

Whilst cordially recommending the entire book to those
who use the telescope, we would draw especial attention to

soma points in the chapter on the general treatment of
objectives. The need, as great in the case of refractors aa
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of retlectors, is eriipliasi/.oJ of prosurviug die objective in

dry pure air. In humid climates a line lihn of moisture

deposits or exudes from tlie interior surface of the crown
lens, and on this moisture a minute thread-like fungus

spreads and decomposes the crown glass, resulting in the

ultimate deterioration of the lens. The simple preventa-

tive is suggested of placing within the dew-cap some
thicknesses of flannel, left toasting before the fire until

perfectly warm and dry, after the observations for the

night are finished. C'uriously, this iilm does not invade the

flint surface. The tarnish which appears on this glass in

reality increases very greatly the transparency of the

objective. Whereas a thin plate of dense flint glass will,

when freshly polished, reflect back from its two surfaces

about eleven per cent, of the light falling upon it, and
transmit eighty-nine per cent. ; the same plate, when
tarnished to a sort of dull grey-brown or blue (as viewed
by reflection), will reflect back only about five per cent.,

and transmit ninety- five per cent.

Souihifn Starx : a Guide to the Constellations visible in the

SoKtheni llimis/ihfi-e. By M. A. Orr. With a Preface by
John Tebbutt, F.R.A.S. The Rev. James Gall's " Easy
Guide to the Constellations" has been the first primer
which has taught a great number of northern observers

their stellar alphabet, and on the acquaintance with the

forms of the constellations and the names of the stars to

which they have been thus introduced, has followed the

rise of a love for astronomy which has in many cases borne
rich fruit. It is, therefore, with especial pleasure that we
welcome Miss Orr's modest little book. For the southern
heavens present a rich harvest which there have been very

few labourers to reap, and hitherto it has seemed much
more difficult to arouse a real interest in astronomy in

southern latitudes than here in Europe. We trust that

Miss Orr's book is at once an indication of an awakening
interest, and that it will greatly foster it. It should do so,

for the work is most clearly written, and, following on the

weU-chosen lines of Mr. Gall's book, is in every way a

thoroughly worthy companion and supplement to it. With
Miss Orr's neat little maps and lucid descriptions ready to

his hand in so convenient a form, the South African or

Australian will now be without excuse who looks upon the

glories of his southern skies as a mere confused crowd of

unknown and nameless stars. It should be added that

the thirty maps are not confined wholly to the southern
hemisphere, as six of them form a complete miniature star

atlas for the entire heavens.

In the Journal of Botanij for August there is a very in-

structive paper by T. Kirk, F.L.S., on "The Displacement

of Species in New Zealand," showing the effects of introduced

animals and plants upon the old fauna and flora of that

island. Darwin's theory of the " survival of the fittest"

receives further corroboration from the many interesting

facts recorded in this paper. The author says :
" . . . . the

invading army of plants has brought in its train a still

more dangerous host of animals In the animal

kingdom the invaders whose agency is most dreaded are

members of the Invertebrata : the mussel scale, the black

scale, and many others, together wit'n numerous species of

plant lice, will occur to you as belonging to lowly developed

forms of Insecta. Higher in the scale are thd JJessian fly,

wireworm, turnip fly, and others, while numerous species

of earthworms, molluscs, birds, and even mammals, affect

alike both fauna and flora." Again, showing how plants

adapt themselves to their environment, the author reports

that " out of one hundred and three species of plants

recently introduced with b illast from Bue los Ayres, eighty-

six are already naturalized." In the same journal

(pp. :M0-3.")1) there are some new spojies of marine algte,

from Natal, described by E. M. Holmes, F.L.S.
In the Aiiii'rifdii Naiunilist for .luly there is a paper on

" The Classification of Diatoms " (Ihicillaridceir), by C. J.

I'llmoro, ill which the author discusses the various systfims

of classification employed by Kirchner, Kuetzing, Paul
Petit, Van Heurck, Murray, and others. In the classi-

fication which this author adopts- that of Paul Petit, aa

approaching most nearly a natural one several of our

most cherished species {'!) are shown to be mere varieties

of the Naficula iridis (Ehr.). The author also temperately

discusses the reasons of the imperfection of the geologic

records of the early history of these Diatoms.
Entomologists who are interested in the flower-visiting

habits of insects will fiud an interesting paper upon " The
]5ees of the Genus Perdita " in the Pnn-irdinns of the

Acadruii/ of Xotunil Sciimrs, Part I., 1896 ; and though we
do not believe that the number of species will be found to

be correct on further examination (our author describes

seventy species, of which he believes fifty-five to be new),

still the results given in this excellent paper are well

worthy of a more extended notice than can be given in

these columns. The name of the author is T. D. A.

Cockerell.

Evolutionists, and students of the history of the

Mammalia, will do well to make themselves acquainted

with one of the latest books upon the subject, viz., " The
Primary Factors of Organic Evolution," by Prof. E. 1).

Cope, Pennsylvania. The splendid memoirs written by
this distinguished palaontologist rival those of our own
country upon these subjects. Those who have had
occasion to refer to the works of this author know how
thoroughly up to date the information is. In the present

work the author gives his reasons for disagreeing with

the classification adopted by Dr. Amenghino of a portion

of the group of Ungulata. " Amenghino placed the

group " (called by Dr. Amenghino " Litopterna ") " under
the Perissodactyla, but the tarsus and carpus are of a

totally dift'erent character." The author further describes

the difl'erent characters of the feet, and the dentition of

these animals—found by Dr. Amenghino in the Cenozoic

formations of Argentina—which leads him to indicate the

origin of these species from a different order of the Condy-
larthra than of that adopted by Dr. Amenghino. If we
remember rightly, Mr. R. Lydekker visited the museums
of Buenos Ayres and La Plata to help revise the work of

the Argentina palaeontologists ; but, as far as can be seen,

with no success as to the classification of these animals.

Prof. Cope writes with all the fire of Weismann in defence

of the transmission of the germ plasma and of progressive

evolution.

RUNES AND OGHAMS.
By Gertrude Burford Rawlings.

Euues ot war kuow tliou

If great thou wilt be !

Cut them on hilt of hardened sword,
Some on the brand's back,
Some on its shining side,

Twice name Tyr therein.
Sea-runes good at need,
Learnt for ship's savinj?, [horse;
For the good health of the swimming
On the stern cut them,
Cut them on the rudder-blade . . ,

Word-runes learn well
If thou wilt that no man [gavest
Pay back grief for the grief thou
Wind thou these,
''Veave thou these,
Cast thou these all about thee,
At the Thing,
Where folk throng,
Uuto the full doom faring.
Thought-runes shalt thou deal with
If thou wilt be of all men
Fiirest-souled wiglit, and wisest.—Bry-ahild's Song ;

" VoJsumja Sa-ja."

ALTHOUGH it is at present an exceedingly doubtful

point as to whether those strange old-world

characters known to antiquaries as "runes" and
" oghams " respectively, are or are not connected

with each other either collaterally or lineally,

they form a most interesting subject of speculation. There
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are several points of resemblance between the two alphabets,

and there are also several points of divergence.

Runes undoubtedly originated iu the North of Europe,
but from what, or at which perioil, no one knows.
Mythologically, Odin is said to have invented them—the

Northmen, like most other races, believing that all

knowledge, wisdom, and arts originated with their divinities

and traditional heroes. Hence the old sagx :
—

Tliou^ht-runes slialt thou deal with
If thou wilt he of all men
Fairest-souled wight and wisest.

These areded,

These first cut.

These first took to heart high Hropt [OJin].

Modern conjecture—conjecture only—refers the runic

characters to the Phu'iiician, the prototype of the Greek
and Litin alphabets. Runes, and ogbams as well, were
primarily intended not to be written, but to be cut (sec

quotation above) in wood, stone, horn, etc., as may be seen

from the simple combinations of straight lines which make
up both alpbabtt?. A few books, however, exist, which
are written in runes. The word '• rune,"' Gjthic rdna,

signifies something hidden, secret (knowledge, more
particularly), and, as M. Botkine, in his " Chanson des

Runes," expressrs it, not only science and power, but the

means of communicating these. Runic inscriptions are

comparatively frequent in England, and occur also iu

Scotland ; but AYales and Ireland have not a single example,
excepting a small coin bearing runic letters which was
struck at Dublio. It is a curious fact, showing what bold
adventurers tbc Northmen were, that actually in North
America runic inscriptions have been discovered. One
at Arrow Head, on the Potomac River, is cut in a

rock, and commemorates the widow of a Norse chieftain.

It runs ;
—" Here lies Syasi, the fair one of \Yestern Ice-

land, the widow of Koldr, sister of Thorgr by her father,

aged twenty-five years. God be merciful to her."

As remarked above, the time at which runes wa-e in-

vented is uncertain, but it has been thought that they
should be attributed to the first or second century uc.
The alphabet, or " futhorc," as it is called from its first six

letters, is divided into three parts, called " aetts " or
families, and named after the first letter of each family

:

Frey's (¥) Aett, Hagl's (H) Aett, and Tyr's (T) Aett.

The oldest form of the futhorc, the Gothic, from which
are derived the later locil forms of the Scandinavian, the
Anglian, and the Manx runes, is as follows :

—
9A^^f><X|> N1-|f)v^BYS I'&nMI^-O'lxi^

F U ThOR C CVJ H N I Y EO P A S TB E M LNg O

Frcv's Aett. Hagl's Aett. Tvr's Aett.

Tlie futhorc was introduced into Britain by the .lutes iu

the fifth century, soon after the departure of the Romans,
and continued to be used till the tenth or eleventh century.

Runes abound in Jutland and in Scandinavia generally,

though they were quite unknown to the Saxons and
Germans. Anglian runes are generally found on monu-
mental or sepulchral slabs —some of them Christian—and
on those large sculptured crosses still existing in different

parts of our islands. As an example of the latter we may
instance the Ruthwell Cross. This takes its name from

Ruthwell, in Dumfriesshire, which in early times formed

part of Northumbria. Its date is probably about (ISO a.i>.

It is covered with carvings of Scriptural subjects arranged

iu panels, whose frames are cut with runes relating " The
Dream of the Holy Rood," a poem ascribed to Ciidmon,

the miraculously-inspired poet of Whitby. In this poem a

sleeper is supposed to dream of a marvellous tree, which
speaks to him and tells how it was hewn down by men

with axes, and set upon a " beetling headland." Seeing
to what use it was to be put, it would have broken itself,

but dared not " against the Dreetan's word." It describes

the Crucifision—the Savioi.r is fastened on it. "Rood
was I reared now, Rich king heaving. " And then :

•' Wept all creation, Wailed the fall of their King, Christ
was on Rood."

Another object ornamented with runes is a casket of
whale's bone in the British Museum, the history of which
is unknown. It is of Northumbrian work, and is nine
inches long by seven and a half broad, and five and one-
eighth high. On the first side it shows carvings repre-

senting Romulus and Remus ; on the second. Titus
storming Jerusalem ; on the third, the delivery of the head
of John the Baptist ; and on the lid a scene from the
Teutonic legend of Egil. Of the fourth side only a frag-

ment remains. The date of this casket is somewhere
between 700 and 800 k d. The carvings are accompanied
by descriptive runes.

Although the greater number of British runic inscrip-

tions are found in the North of England, the oldest extant
spec'mien, assigned to the fifth century a.d., belongs to

Sandwich, in Kent. Two headstones thus inscribed have
also been found in London, in the neighbourhood of

St. Paul's, one of which may be seen in the GuildhaU
Jluseum.
The ogham characters are found in great numbers in

Ireland ; there are some in ^\'ales and the extreme South-
West of England, and a few in ScothnJ. None are known
outside the British Islands. They are formed by dividing

the alphabet into four aicmes or kinds, of five letters each.
The first contains BLFSN, the second HTDCQ, the
third MGNgStR. and the fourth the vowels AOUEI.
The letters are represented by one, two, three, four, or five

strokes for each letter, according to its order in the aicme
to which it belongs. A line is drawn, which may bs
either perpendicular or horizontal—we will consider it as
horizontal in the present instance—and the strokes repre-

sentiuL,' letters of the first aicme are placed unilcr this line,

those representing letters of the second aicme are placed
a)i<)ee the line, those representing letters of the third aicme
ilitdjonallij tliniuijli the line, and those representing letters

of the fourth aicme cutting the line at right angles. Thus,
the Celtij word //((/'/(' (mac), meaning " son of," would

stand —/—{—

'

"" m i l
. In the case of the main line

or stem being perpendicular, the strokes of the first aicme
would be placed at the right hand, and those of the second
at the left hand, the others as before, and the inscription

read upwards. As a rule the edge of the stone is used
as the stem line, and the strokes are on one side of
the stone, or its face, or both, according to the aicme
they belong to. The oldest form seems to have been
that in which a separate perpendicular line was taken
for every letter, instead of one common line being used
for all.

It is a curious and as yet unsolved problem as to

whether these oghams were deris'ed from the futhorc.

One of the points in which the two alphabets resemble
each other is that to the inventors of both the forms of
the characters seem to have been suggested by trees—or,

at any rate, they themselves suggested trees. Cmon
Taylor, in his interesting work, " Greeks and Goths," says
that " both the runes and the oghams were regarded as

constituting a mysterious alphabetical forest in which grew
trees of twenty species; " and, moreover, the names of the
Irish oghams were all names of trees, i-..;.. A, .///»», or
Fir; B, licith, or Birch, and so on: though certainly these

names, which went by the name of the " Bethluisnon
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alphabet," could be given to ogham aud Roman characters
iilike. The Irish peasantry have still an old verso con-

cerning the oghams, beginning as follows :
—

For B one stroke at, your right Imiid,

And L cloth ahvnvs twn doiiinr.cl :

For F draw tliroc, Tor S niakt' I'ltur,

AVh™ voii want N you add oiu' more.

And a case is recorded within comparatively recent years
in which a man was summoned for having his name on
his cart in ogham characters.

In support of his view that it was on the futhorc

that the oghams were originally founded, Canon Taylor
propounds a quaint theory as to the method of derivation,

of which the following is a brief summary.
He suggests that the inventor of oghams, on examining

the runes, would find that the latter could be resolved

into five classes containing four letters each, viz. : (1)
liriincli ruiiis, those with markedly tree-like forms, such
as ^f, represented by oghams with one twig, i h 1- +

;

(2) Fork ruiii-s, such as A , represented by oghams with
two twigs, =1 t: % + ; (;!) Loup runes, such as P and

5^, represented by oghams with three twigs, ^ N** ;

(4) Crool; rrnus, such as S , by oghams with four

twigs, ^ fe * ^ ; and (5) Root ruiws, such as + and

R, by oghams with five twigs, g | % $. We may
here remark that the original word for these " strokes"

is th'iisii, meaning twig. The prevailing idea is the

resemblance to trees,—trees with branches, trees with
forks, trees with looped or interlaced branches, trees

with crooked branches, and trees with their roots

visible. The result of such an arrangement, which
it might be wearisome to the reader to give in detail,

would be the order of letters as stated above, B, L,

F, S, N, etc. " That this notion is fanciful," adds
Canon Taylor, " is no objection to it, but rather an
argument in its favour, when we remember the
fancifulness of the whole system of oghams and their

names."
Stones with ogham inscriptions may be seen in

the British Museum, among them being the slab

known as the Fardell Stone, found near Ivybridge,

in Hevon. which bears the Eoman legend, FANONI
MAQUIRINI, and, in oghams, SFAQQVQAS MAQI
QICI, i.e., SFAQQUQAS (or Sfaqqucci) son of QICI.

Sir S. Ferguson surmises that such " uncouth designa-

tions may have been adopted as evidence of telf-

disparagement by some Christian ascetic."

As is the case with runes, the date of the invention
of oghams is uncertain. Professor Rhys considers

that it was not later than the fifth century a.d.

The Irish tradition is that they were introduced by
the " early half-mythical colony of the Tuatha de
Danaan," who are supposed to have come by way of

Scotland from the North. And this tradition is

supported by the fact that only in those districts

where the Northmen are known to have penetrated
are ogham characters found.

British oghams, with but one exception, are always
accompanied by a legend in Roman letters, which
is not the case with runes.

It is possible that oghams are a later and greatly
modified form of runes : the latter, having passed
through the intermediate forms of tree and bind
runes, finally resolving, under some at present un-
known conditions, into oghams—although, at the same
tioje, supposing this to be the case, the use of the old
runes was by no means entirely abandoned in favour of
the newer characters.

THE ASH.
By George Paxton.

" There's something in that ancient superstition

Wliicli, erring as it is, our fancy loves
"

THE ash (FraximiJi e.rcehior), one of the noblest of

our forest trees, is known by its tall, ^'raceful form
and elegant foliage. It may be called the " Tree
of Superstition," because we find, wherever it

grows, and intimately connected with all kinds of

ashes, superstitions, mythological lore, and legends without
end. A glance at a few of these may prove interesting.

In ancient Scandinavian mythology the ash plays an
important part. " Igdrasil, the ash tree of existence, had
its roots deep down in the kingdom of Hela, or Death ; its

trunk reached heavens high, and spread its boughs over
the whole universe. At the foot in the death kingdom
sat three Nomas (Fates)—the Past, Present, Future^
watering its roots from the sacred well. Its boughs, with
their buddings and disleafings—events—things suffered

—

Fig. 1.—Leaves and Seed Vessels of the Ash.

things done—catastrophies. On the summit was perched
an eagle who watched the course of all earthly aflairs,

assisted by a squirrel who employed his time in descending
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and ascending to examine into and report upon what was
happening beneath."

Although the following seems to us rather absurd, it is

not sucli a very long time ago since such things were
practised and believed in in many parts of the South
of England. " To cure sickly or diseased children a
split was made in the stem of a growing ash and held
open by wedges ; through this opening the child

was passed naked. The tree was then bound up, and
if it grew well together again that was considered a
sure sign that the charm had worked and the child
would recover."

A "shrew-ash" was made by entombing a live

shrew-mouse in an auger hole made in the bole of
the tree—no doubt with many spells and incantations
long since forgotten. At any future time a few light

strokes with a branch taken from such a tree would
instantly cure cattle and horses that were believed to

have been bewitched or cramped by the pernicious
shrew touching them or running over their limbs
while asleep.

The ash is a true native of Great Britain, abundant
from John o' Groat's to Land's End. It is indigenous
to Europe, North Africa, and North America. It

grows to a large and handsome tree, eighty to one
hundred feet in height, with a girth often approaching
twenty feet. The leaves are pinnate, with five or six

pairs of leaflets, serrated. The flowers, which appear
before the leaves expand, are small, often numerous,
and of a dark purple colour. The succeeding fruit,

the well-known keys or " lock and keys," are long-

shaped, thin, seed vessels (Fig. 1). On some trees

these are very abundant, and being firmly attached to

the twig often remain on the tree all the year round.
These numerous bunches, turning brown to black in

late autumn, when all the leaves have fallen, are

very conspicuous ; in fact, the ash may be readily

distinguished even in mid-winter by these clusters.

The wood, although the ash is a quick grower, is very
valuable, on account of its toughness and elasticity

;

these qualities it possesses to a greater degree than the

wood of any other P.ritish tree. Both Greeks and
Romans made their spear handles from its tough
saplings, and used it for agricultural implements ; for

the latter purpose it is still in demand. The carpenter,

wheelwright, cooper, and turner, all find it excellent

wood for their various purposes ; cabinet makers value

the knotty parts of the trunk and roots, which they

call " green ebony" ; for walking sticks, blocks, oars, etc.,

there is no better wood. In point of value it comes next

to the oak itself, and before it in this respect—that it

matures its wood at a much earlier period. An ash pole

three inches in diameter is as durable and valuable for any
purpose to which it can be applied as the timber of the

full-grown tree.

The ash is one of the last of our trees to put on its

summer robe

—

*' Tlu' tender ash delays to clothe heivell'

When all the woods are green."

It is also among the first to cast oft" its covering. Perhaps
this is why it has been called the " \'enus of the Wood,"
but we rather suspect it owes this title more to its grace-

fulness of form than to its love of nudeness.
The flowering ash, Omus, is cultivated in Sicily princi-

pally on account of the sweet sap it exudes called
" manna"; it grows twenty to twenty-five feet high. The
sap flows spontaneously during the greater lieats of

summer from trees in the most favoured situations, but

oftrner it is ob'ained from '.ncisions made through the

hark. The clear sap speedily hardens on exposure to the

air, and is the " manna " of commerce. When fresh it is

nutrit'ous and agreeable to the taste, and is used by the
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ripple marks. To aee them in perfection one must look
down tliroiigh the clear water on a calm day. A pair of
long wading boots enables one to examine in comfort the
ridges nearest to the beach. In order to sec those further
out I sometimes float just beyond the brealcors in one of
tl cse llat-bottomed coracles which are still used on the
^\ye. It draws scarcely any water, and is so light that
one can carry it on one's back and launch it unaided.
Sometimes, however, it capsizes.

In the clear waters of Lake Geneva, according to M.
Forel, the ripple pattern can be seen at a depth of thirty
feet. On our own coasts the ripple mark ot

'

Torbay is celebrated, and has been well described
by Mr. Hunt in the I'l-in-epdhhix of tlif Hdi/hI

Snrieti/, Vol. XXXVI., 1883-1.

The phenomenon has two aspects, according
as we have regard to the motions of the water
or to the tactics of the sand. The formtr have
been studied in exquisite detail by Prof. G. H.
Darwin, and stand recorded in the volume
of the Royal Society's ri-oci'edin<is to which
reference has been made. The tactics of sand
under rippling action were dealt with in two
papers read at the recent meeting of the British
Association by the present writer, and this

article is confined to the fluid motions. If a
trough or basin partly tilled with water be
gently rocked, a wave travels backwards and
forwards from end to end of the trougli, and
faud placed upon the bottom of the trough soon
beconifs lippled. The experiment is readily

tried, always succeeds, and is extremely pretty
and insfrucfive. Rippling, indeed, is so readily
produced that it may commonly be observed
when a little sediment has settled in a basin

;

the slightest disturbance of the wafer sets up
an oscillation, and this almost inevitably ripples

the sediment. The fine deposit which settles

from hard water after heating readily ripples :

the pattern may be seen at the bottom of a
jug of shaving water. A glass trough with
vertical sides is best for the experiments upon
ripple marks, as they can then be seen in
section, and the eye can be placed close enough
to watch the movement of the sand grains.

Having made some regular ripple marks by
oscillation, Prof. Darwin tried the effect of
exposing them to a current. He then observed
that small particles lying on the surface of the
sand climbed up the hv slope of the ripples, apparently
against stream. This showed the existence of an eddy
or vortex on the lee side of the ridge. By giving a
sudden motion to the water he was able to see the
sand piled up on the weather side by the direct

Fig. 1.—Actiou of Current upon Ripple Marls.

current, and on the lee side by the eddy or vortex.

In order better to observe the action of the vortices,

a drop of common ink (not aniline ink), with a little

sulphate of iron added to it, was squirted to the bottom
of the water in the furrow between two ridges. On

causing the current again to pass, the ink was seen to

divide into two portions, one being sucked back up the

lee side of the ripple mark, and the other being carried

by the direct stream towards the next crest. Fig. 1 ia

Prof. Darwin's representation of the streamlines during
this action.

By the aid of a drop of the heavy ink it was found
possible to watch the more complicated action of the
vortices during oscillation of the water. Rippling is

started by sand grains sticJcing, and thus causing little

vortices or eddies on their lee side. If the agitation is so

Fig 2.— Action of the Vortices in Ripple Making.

violent that the sand does not stick, but is simply swept

along, no ripple mark is formed. A steady current,

however, seems to be incapable of producing nyulur ripple

mark, such as that of the seashore, which was found to

be due to the periodic strengthening and weakening
of vortices on either side of each ridga as

the direction of oscillation changed. The
drops of ink recorded almost perfectly the effect

of each oscillation, for a pumping action,

due to the upward motion of the vortex,

separated the convolutions of the thread of ink,

which formed a sort of tree. Fig. 2 shows the

successive stages of the phenomenon for half

an oscillation, the water swinging from right

to left. The oscillation of the sand crest is

shown, and the arrows at the base of ilie ink-spiral show
the motion of the vortices which build up the ridges and

scour out the troughs. "The only difficulty," says

Prof. Darwin, " is in Stage IV., where the root of the

(ink) tree is in the state of transference from one crest to
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the next. In this stage the vortices would seem to be in

the act of degrading the ripple mark, but they are not

either of them at their maximum of intensity, and the

time during which this holds good is exceedingly short

compared with the whole semi-period of oscillation." The
form given in the figure (Stage IV.) of the ripple mark in

the mean position of the crest is not exactly the true

shape, which is flatter in the troughs and sharper on the

ridge, with hollowed sides and a knife edge at the crest.

The form at either end of the swing, a sloping back and a

steep lee face, is like that of the rippling produced by wind
when blowing over loose sand ; the form is homologous
with that of water waves raised by a wind which keeps

constant in direction. On the other hand, I have frequently

noticed the symmetrical ripple-mark form of the waves in a

cross sea : for instance, when sailing round headlands.

With an off-shore wind two sets of waves grow in the bays

on either side, and, travelling seawards, meet and pass

through each other just off the headland. The momentary
combinations of the opposing billows give the steep,

symmetrical waves. They make what sailors call a " nasty

lop " off' headlands, even when there are no tidal currents

or rocky ledges to increase the turbulence of the water.

Rippling is generally produced at the surface of two
fluids of different densities which are in relative motion.

A curious example is that of tar and water. If water be

poured upon the tar, and the vessel be rocked, the surface

of the tar is quickly rippled, and the sticky crests of the

ridges are jerked backwards and forwards in clumsy imita-

tion of the dance of the sand in the seashore ripples.

More important, however, is the rippling which occurs

between layers of air of different density when the upper
and the lower layer have different motions. The visible

evidence of such rippling is the formation of beautiful

parallel bars of cloud, in which, as Mr. Kmkin wrote long

Fig. 3.— Foinvition of Cloud Ripples.

since, " the vapour .... falls into ripples like sand."

(" Modern Painters," Vol. V., Part VII., chap, i.)

The condition at the flat surface of two fluids of different

densities and capable of mixing, is unstable when the fluids

are in relative motion, the form of the surface being liable

to undergo great change in a sudden and perhaps tumul-

tuous manner. The two surfaces become corrugated, and

between them are interpolated vortices, which act as friction

roUers, enabling one surface to glide smoothly over the

other. In these vortices the two fluids mix (sir Fig. 3).

Now the mixing of two airs of different temperature is a

well-known method of producing condensation of vapour

with formation of a cloud. Probably, therefore, the parallel

bars of cloud mark the position of the vortices in air

rippling—not, as some have supposed, of the crests of the

waves of the lower layer of air (Fig. 3). Once the atten-

tion has been drawn to these bars one is struck by the

frequency of their occurrence. They occur chielly in the

upper regions of the cloud world. The wave-length is

remarkably constant in any one group of bars, but the

scale of the pattern varies greatly. A distance of one

degree to two degrees of arc from bar to bar is a common
size for the smaller and better defined ripples, which, for a

distance of thirty thousand feet from the observer, corre-

sponds to a wave-length of two hundred and fifty to five

hundred feet ; but I have seen the larger sort of bars with

a wave-length of probably half a mile or more.

The best defined cloud bars have a sharp edge at one

side where the cloud looks thickest, so that the vortex is

probably not usually symmetrical, as represented in Fig. 8.

I have often noticed the densest part of the bars on the

weather side, i.e., the direction from which the clouds

drift ; but on some occasions it seemed as if the contrary

Fig. 4.—Cloud Ripples, as seen from Crrindelwald.

were the case. Sometimes the bars form in ca-lo purn, a

beautiful phenomenon which I have seen on several occa-

sions during the present year. As one bar after another

appears, one learns to look in front of the lengthening group

to catch the first beginnings of the next forming bar, fixing

one's attention on the exact spot in the blue sky where its

appearance is due. At other times the ripple bars are

formed when a wind blows upon a cloud ; this I have

frequently noticed to occur in the fleecy clouds which form

upon the tops of high mountains soon after the gathering

power of the sun has begun to draw up moisture from the

ice and snow.

Fig. 4 is from a sketch made at Grindelwald, April 17th,

1896, 7.15 A M. The sky was quite clear at sunrise, then

the snow slopes and glaciers began to "smoke," fleecy

FiQ. 5.—Banner Cloud above the Eiger, from Grindelwald.

masses collected round the summit of the mountains, and
these were then blown into ripples.

The perfect bar-like form with straight edges does not

give one the impression of a swirling motion, but I have
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often seen swirls of cloud ranued in parallel rows, each

swirl liite a single puff of smoke, the swirls in each row
growing in size and thus getting closer together until a

continuous bar was formed.

With a veering wind the direction of rippling is changed,

and a barred may be changed into a dappled sky, the

existing clouds being farrowed and cut into diamond shape.

An air billow and an eddy, or vortex, is formed when
wind blows over a sharp ridge—an instance of the rule that

an eddy is formed behind any sharp-edged body which
obstructs a current. In air, however, a single obstacle

does not seem to give rise to a train of waves, such as is

formed to leeward of a boulder in a shallow stream, but

only to one, conspicuous, billow. Air diffuses more rapidly

than water, and its inertia is much less, so that a gravi-

tation wave in air must, I apprehend, die out quickly.

The vortex in the lee of a mountain top exposed to wind
produces the banner cloud, a phenomenon very charac-

teristic of Alpine districts. Fig. 5 is from a sketch of the

banner cloud of the Eiger taken at Grindelwald, April

blue sky. The intei'spaces are not regular as in the case

of a wave motion, but there is a rough proportionality

among the clouds.

The raising of the sea by wind is a case of rippling at

the boundary of two lluida in relative motion. The differ-

ence of density, however, is so groat that mixing of the

two lluids cannot take place in the vortex in the usual

manner, but is achieved by spraying from the crest of the

water wave. In the be of each water billow there is an
eddy of air which, with a high sea, may become a source

of danger to ships by taking the wind out of the sails.

Above the water billows and the wind eddy the air is

doubtless itself in undulations, as Helmholtz pointed out

;

but the peculiar character of sea waves, which are con-

tinually dying out and creating new ones behind them, as

well as the complicating effects of their free run by
gravitation, probably prevents the air billows from attaining

any regularity.

According to Plelmholtz, undulations of air, not neces-

sarily accompanied by cloud formation, are of ordinary

Cloud Ripples. From a Photograph in Knowledge

21st, 189G, at 2 p.m. The swirling motion of the air was
well shown in the convolutions of the cloud. Banner clouds

frequently have the shape of long streamers. A well-known
example in England is the " helm bar " often seen to the
west of Cross Fell when the wind is from the east. The
forms of cumulus cloud are the result of swirling motion
of the air. Overhead the cumulus appears nearly circular,

but when nearer the horizon it is seen to be an accumu-
lation of kidney-shaped masses. These are sure evidence
of vortices : an excellent example of this may be seen in

the kidney-shaped masses of black smoke near the mouth
of a steamer's funnel. This unsightly smoke also serves

to show the strong wind-eddy abaft the funnel. At a
certain position the smoke whirls violently towards the
funnel, in the direction of the ship's motion.

I presume that the swirling motion of ascending currents
of air accounts for the circumstance that the morning's
sun does not spread a thin tilm of vapour over the sky,

but, instead, produces balls of cumulus separated by

occurrence, and with high winds their dimensions are very

great, often some mdes in wave-length. Such waves, even
if originating at the height of a mile, would stir the air at

the earth's surface, and this has been suggested as a cause

of the gusts of wind, often accompanied by showers, which
occur at intervals in squally weather.

The rippling of sand by wind has been alluded to.

Deserts have often been compared to a sea of sand, and
the likeness is real as well as apparent, for the sandhills

are billows raised by the wind. Being more enduring,

they grow to a greater size than ocean waves. In a strong

breeze a stream of sand flies from the crest of each dune,

just as the spray flies at sea.

The wind also ripples snow, an effect which has been

shown by Mr. J. Wolff in a picture of "Ptarmigan in Winter,"

No. 130 of the Prescott Hewett Gift, South Kensington.

I have even seen a gale of wind ripple the froth of the

breakers when the return of the wave has lefc the froth

nearly stranded on the shore.
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THE FACE OF THE SKY FOR OCTOBER.

By Herbert Sadler, F.E.A.S.

SUNSPOTS are still very few in number.
Conveniently observable minima of Algol occur

at 9h. 20m. p.m. on the 1st, llh. 2m. p.m. on the

21st, and 7h. 51m. p.m. on the 24th.

Mercury is visible as a morning star during the

last half of the month. On the 17th he rises at 5h. 2m.
A.M., or Ih. 27m. before the Sun, with a southern declina-

tion of 2" 4.5 , and an apparent diameter of Hi", /^Vths of

the disc being illuminated. On the 22nd he rises at

4h. 50m. A.M., or Ih. 48m. before the Sun, with a southern

declination of 3^ 4', and an apparent diameter of 6j",

yVo^Iis of the disc being illuminated. On the 27th he
rises at oh. Im. a.m., or one hour and three-quarters before

the Sun, with a southern declination of b' 4', and an
apparent diameter of Oi ', Vo'^^^ of the disc being

illuminated. On the 31st he rises at oh. ICm. a.m., or

Ih. 39m. before the Sun, with a southern declination of
7° 20', and an apparent diameter of 5 j ', rather over iV^hs
of the disc being illuminated.

Mercury is in inferior conjunction with the Sun on
the 8th, and at his greatest western elongation (18j')

on the 24th. While visible he describes a direct path
in Virgo, without approaching any conspicuous star very

closely.

Venus is an evening star, but owing to her southern

declination is not well situated for observation ; more-
over, she is too near the Sun during the greater part

of the month. On the 27th she sets at 5h. 45m. p.m.,

or Ih. 3m. after the Sun, with a southern declination

of 2V 41', and an apparent diameter of 12", tVj'^s
of the disc being Uluminated. On the 31st she sets

at oh. 45m. p.m., or nearly an hour and a quarter

after the Sun, with a southern declination of 22^', and
an apparent diameter of 12". While visible she is near

|3 Scorpii.

Mars is now a very conspicuous object in the evening
sky. On the 1st he rises at 8h. 33m. p.m., or 2h. 57m.
after sunset, with a northern decUnation of 22^ 55', and
an apparent diameter of 11|", the phasis on the preceding
limb amounting to 1^'. On the 14th he rises at 7h. 58m.
P.M., with a northern declination of 23 28', and an apparent
diameter of 12V'. On the 31st he rises at (Jh. 51m. p.m.,

with a northern declination of 24° 12', and an apparent
diameter of 14^". During the month he crosses from
Taurus into Gemini.

Jupiter does not rise before midnight at the end of

the month, and Saturn and Uranus have left us for the

season.

Neptune is an evening star, rising on the 1st at 8h. 26m.
P.M., with a northern declination of 2P 41', and an
apparent diameter of 2-6". On the 31st he rises at

Gh. 30m. P.M., with a northern declination of 21 38'. He
describes a very short retrograde path in Taurus during

the month.
October is a fairly favourable month for showers of

shooting stars, the most marked display being that of the

Orionids on the 18th, the radiant point being in E.A.
6h. 8m. and +15 .

The Moon is new at lOh. 18m. p.m. on the 6th ; enters

her first quarter at 2h. 47m. p.m. on the 13th ; is full

at Ih. 17m. p.m. on the 21st ; and enters her last quarter

at 3h. 21m. p.m. on the 29th. She is in perigee at 5h. a.m.

on the 7th (<listance from the Earth, 221, '.»40 miles), and
in apogee at Ch. a.m. on the 21st (distance from the Earth,
252,500 miles).

d^i^css Column.
By C. D. LococK, B.A.Oson.

Communications for this coliman should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 10th of each month.

Solutions of September Problems.

No. 1.—1. Q to QR8, and mates next move.

No. 2.—1. Q to QB6, and mates next move.

[Owing to the omission of a Black Pawn at KR6, there

is, unfortunately, a second solution by 1. B x P.]

CosRECT Solutions of both problems received from
G. A. F. (Brentwood), Alpha, H. S. Brandreth, F. Hepburn,
H. Le Jeune, A. S. Coulter, E. C. WiUis, J. H. CarroU,

Eugene Henry, G. J. Newbegin, -J. M'Robert, H. W. Elcum,
W. Willby, S. CoUen, A Norseman, W. Clugston.

Eugene Henri/.—Of the two positions which you enclose

we prefer No. 2. Though it is clear that either the Book
or one of the Bishops must move ( for otherwise the Book
is useless), both the key and variations are quite up to the

mark. In the other the variety is hardly proportionate to

the large force employed, and the stationary position of

the White Queen is to be regretted. Your third position

(now marked No. 2) has just reached us. The key is very

pretty. Two of them shall appear in the next number.

W. Clugston.—Thanks. They shall be examined.

PROBLEMS.
No. 1.—By J. K. Macmeikan.

Black (.5).

m i

m mm mm. — mm
iii a ^ i

3!S #^
i m. i

^^*j^ ;^ja^ //m

White (U).

White mates in two moves.

No. 2.—By A. G. Fellows.

Black (:>).

White (7).

White mates in three moves.
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The following was one of the most brilliant games in

the Nuremberg Tournament :
—

" Four Knights Game."

2.

3.

4.

5.

(J.

AVllITE.

(Maroczv.)

1. P to K4
Kt to KB3
Kt to QB3
13 to QKt5
Castles

K X P
7. Kt to KB3 (//)

8. P to Ql
9. PxKt

10. P to Q5
11. B to KB4
12. B to QIU
13. P to QG
14. B to QKta !

15. Q to Q2
16. Kt to KKt5
17. Kt to K4 (/•)

18. P to QR3
19. QR to Kl
20. B 10 (^)5

21. Q ^ B
22. R to K3
23. ExB ! (J)

24. B to KKt5
Q to QB4 !

P X Kt (/,)

E toQl
ExP
Q X KBP

30. P to KB4
31. P to KR3
82. QxQ
33. P to B8 Q's ch

lil.ACK.

(I'iUflnirv.)

1. P to K4
2. Kt to KB3
3. Kt to QB3
4. B to QB4 {(I)

5. Castles

6. R to Kl
7. KtxP
8. KtxKt
9. B to K2 (-)

10. Kt to Ktl

11. P to QE;-! (</)

12. B to KB3
13. P to Ql!3

14. P to QKt4
15. B to QKt2 (,)

IG. E to KBl
17. P to QR4
18. Kt to QR3
19. P to QB4
20. BxB
21. P to QKt5 ('/)

22. B X P (/()

25

26
27
28
29

23
24.

25.

2G.

27.

28.

29.

30.

31.

32.

PxR
Kt to QB2
Q to Kl
Q to K4
KR to Kl
K to El
QxB
Q to KKt5
QxE (m)

R X Kt

(0

Notes.

S3. Black resigns.

B to Kt5, but chosen(o) Admittedly inferior to 4. .

probably as being less drawish.

(/«) Superior to 7. KtxKt, QP x Kt, 8. B to 154, as

played by Paulsen against Morphy. 7. Kt to Q3 is also

worth considering.

(f) 9. . . . B to Bsq is clearly better, having regard to

White's nest move.

(</) As pointed out by Mr. Ranken, 11. . . . P to QB3
is much superior. Certainly on his next move he should

play ... P to QKt4, followed by P to Q3. Allowing the

Pawn to advance to QC is fatal.

((') Obviously he cannot play 15. ... P to QB4 on

account of the reply, IG. Q to Q5. 15. . . . P to R3 is

also very dangerous.

(/) Very well played, preventing P to B4 for a time.

(g) 21. ... E to QBsq would be useless on account

of 22. Q to Kt7, followed by Q x P.

(Ii) But now probably 22. R to Bsq is as good as any-

thing under the circumstances.

(i) Having two Rooks and only one Knight, he prefers

in such a position to keep the Knight.

(j) If the Queen moves, then 25. Kt to BOch wins.

(A) Inferior to 26. Kt to B6ch. PossiDl ilerr Maroczy

was enjoying the game and did not wish to bring it to a

too rapid conclusion, lie threatens now Kt to QG.

(/) He cannot play the other Rook to Ksq, because of

B to Q8.

(ill) If 31. . . . Q to KtS, 32. QxQ, PxQ, 33. Kt
to QG wins.

The whole game is very finely played by Herr Maroczy.
Mr. Pillsbury's play at the start was very weak, and he

never had time to recover from its elTects.

CHESS INTELLIGENCE.

It is stated that an International Tournament will bo

held at ]!uda-Pesth in the autumn ; another at ]5erlin is

projected for 1898. Between the two events a contest in

Russia may be expected.

A match between Herr Lipke and Professor Berger,

played under the auspices of the tlerman Chess Association,

has ended in a draw.

The tournament of the New York State Chess Association

has been won by S. Lipschiitz, who scored 5J games out of

a possible G.

The return match between Lasker and Steinitz is due

to begin this month.

The Amateur Tournament at Clifton was won by Mr.
H. E. Atkins, with the fine score of 8^ out of 9. Mr. J.

H. Blake was second with 7i.
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THE GIRAFFE AT THE ZOO.
By Frank E. Beddard, F.R.S.

THE plate illustrating this paper represents the
young female giraffe which has recently become
an inmate of the Zoological Gardens. Some years
ago giraffes were among the most commonplace
animals exhibited in that institution ; they might

almost have been said to be indigenous there, for they bred
successfully and led a perfectly natural life. But about
six years ago the last representative of the old state of
affairs died, through sheer age, and in the meantime
circumstances were conspiring to prevent the recruiting of

the collection ; hence for some years an hintux raUt,-

drjhnilutt. The conspiring circumstances appear to have
been mainly a man and a fly. The man was the Mahdi,
and the general turmoil in the Soudan and thereabouts
due to his activity ; the fly is the well-known tsetse. This
latter animal is no more fatal to the giraffe than was
the Mahdi, in itself ; but giraffes were hunted upon horse-
back, and it is of the horse that the tsetse is so determined
a foe. It is clear, therefore, that the young beast at the
Gardens is a highly valuable acquisition, and it is to be
regretted that so far no companion has been procured for

her. It is, unfortunately, not only at the Zoological
Gardens that the giraffe is getting near to extinction.

Like most of the large game of Africa, the giraffe's days
are probably numbered. The advance of civilization, so
gratifying to the philanthropist and the trader, is a matter
of abhorrence to the naturalist. We have seen in the last

few years the practical disappearance of the quagga, the next
to disappearance of the white rhinoceros ; and all these great
beasts are now retiring further and further away from
contact with colonists, the retirement being naturally
accompanied by diminished numbers. Yet the giraffe is

stated to be well equipped for the battle of life by those who
have studied it in Africa. To us it seems a somewhat un-
gainly beast, withan unnecessary length ofneckand forelimb.
The ungainliness is, perhaps, tempered by the beautifully
conspicuous spots, which are especially sharply marked
out in the animal at the Gardens, the representative, as it

is, of a variety of the more abundant, or, at any rate, the
more usual form. Unlike the stag in the fable, the gu-affe

can trust to its beauty spots as much as to what might be
considered the more useful features of its organization.
Like the individual who was unable to see the wood for its

trees, an eminent observer is stated to have been quite
near to a giraffe and unable to detect it on account of its

spots ; the dappled appearance due to these suggesting a
broken stream of sunlight falling upon a withered tree

trunk, the tree trunk being clearly the animal's stout neck.
A recent traveller in Africa, Mr. Scott Elliot, makes an
ingenious suggestion about the giraffe's neck which we
have not seen put forward elsewhere. It is commonly
held that this disproportionate part of the body is important
to the creature as a natural ladder whereby to reach the
tender twigs of a tree inaccessible to the common herd of
bush-living ruminants ; but Mr. Elliot points out with
some acuteness that in the grass-covered plains of eastern
tropical Africa, with scattered trees, there are other beasts
with long necks which do not depend upon the trees for

their nourishment ; there is, for instance, the ostrich,

longest necked of birds. By means of this long neck the
giraffe can take a wide survey of his environment, and
perhaps detect a lion or pard with prying head in time to
retire with success—" what time she lifteth herself up on
high and scorneth the horse and his rider." The giraffe,

in fact, is fairly fleet, though its progress is not elegant,
having, indeed, been compared to that of a frog. The
neck, which was so inconvenient a feature in conveying
the animal to the Zoological Gardens, is apparently, so
far as giraffes are concerned, quite a recent acquisition.

It is true that extinct forms of giraffe, differing only specifi-

cally from the animal which we are considering, formerly
existed in .\sia, and even in Europe, so that the diminution
of giraffes is not a thing of yesterday ; but the earlier

creatures which have been referred to this group of hoofed
animals had comparatively short necks. The Sainothiiium

and HilliKlotlu'iiiiiii, whose habitats are recorded in their

names, were giraffes to all intents and purposes, but with
necks on the plan of the ordinary I'ngulate. It may be
that in this lengthening of neck we can trace the gradual
change from a browsing, plain-living animal to the present

bush-frequenting camelopard.
In its present situation the giraffe cannot exercise its

capacity for plucking by the help of its long extensile

tongue the twigs of the few trees that are scattered through
its enclosure, its predecessors having done what could be
done in this direction ; but the customary method of
feeding is kept up by means of a very high manger.
We have seen the important place that the giraffe

occupies in the Zoological (iardens, which is emphasized
by its tenancy of an entire house to itself : what is its

place in nature ? Curious though it may seem, it is not
far off in the scale of nature from its near neighbour the
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apoplectic hippopotamus, and like it occupies (in more

senses than one) a very high place. Both animals are, in

fact, the only representatives alive of distinct families ; the

hippopotamus leans towards the pig, the giraffe is a deer

with a dash of antelope. In its general structure it is not

markedly different from either. Its horns are most in-

terestingly intermediate. They are but small, considered as

functional horns ; but the smallness in size is made up by

numbers, for the giralTe has throe horns, one in the

mi<ldlo and one on each side. The latter are bony pro-

jections covered with a persistent skin. In being bony pro-

jections they are like the horns both of deer and antelopes.

In being covered with hairy skin they are like deer, whose

"velvet" everyone knows; but in the fixedness of this

velvet, which is not shod, the giraffe is an antelope.

PARASITIC LEAF-FUNGI.

By Rev. Alex. S. Wilson, M.A., B.Sc.

ABOUT the time when the blackberries are ripe,

after a short search one can generally find a bush

the leaves of which have a paler appearance than

ordinary ; closer inspection shows the under sur-

faces of the leaves flecked here and there as if

with specks of soot. With the aid of a pocket lens each

speck is seen to consist of tufts of little club-shaped bodies,

and if we scrape some off', mount them on a slide, and

place it under the microscope, we see that they are

cylindrical cells, each made up of from three to eight joints,

and supported by a short stalk. Their form is so

characteristic that, once seen, there is no difficulty in

recognizing it again. These are the telutospores of the

bramble brand {Pliraiimidium violaceum), a parasitic fungus

belonging to the order J-'ridioiiu/ci'tes (or I'l-i'dini's), aM of

which inhabit living plants.

The leaves of various species of mint are in autumn
often dotted over in like manner with dark-coloured

spots, due in this case to the telutospores of Pwrinia

mentlta, each composed of two joints of hemispherical

form. By this two-celled character the Puccinia genus is

distinguished from Phragmidium, which has telutospores

usually consisting of more than three joints. On the

meadow- sweet a brand, Tii-

pliniijmidiiim ulintiii(e,occu.rs,

having three-celled teluto-

spores ; those of the brands
which affect the bean, pea,

clover, and lady's-mantle,

species of Uromyces, are uni-

cellular. Gijmnosjioriinghim

(7i()sf('/(V()growin,t; onjunipers
has them two-celled, closely

packed, and embedded in

gelatinous substance ; they
are prismatic, and form a

Fig. 1.—Telutospores. \._Phran. compactlayer in Melamspora
infesting the leaves of the

willow and sunspurge ; and
the species of Colesporium

living on the colt's-foot and eye-bright have four-celled

telutospores united to form a compact, waxy stratum,
surroimded by a gelatinous mass. The characters pre-

sented by their telutospores thus form the basis of the
classification usually followed in this group of fungi, the
spores of which, indeed, constitute the principal feature.

Telutospores are resting or winter spores ; only in a few

cases are they capable of immediate germination. The

midium violaceum. 2. Puccini,

menfhte. 3. P. riolariim. I,

P. graminia.

name, derived from /I'^o.v, "end," indicates that their produc-

tion is regarded as completing the life cycle of the fan^nis.

Unlike other spores, which on germination give rise to a

branching mass of thread-like cells known as a mycelium,
which is really the vegetative body of the fungus, a teluto-

spore only dovolopa a short filament or promycelium, on
which arise small reproductive cells, the sporidia ; the

latter are able at once to germinate and form mycelia.

?ilinute yellow streaks may be observed during the latter

half of the year on the leaves of all our common grasses,

especially on the lower leaves, by anyone who will take

the trouble to look for them. On examining these with

the pocket lens they are found to be chinks in the

epidermis of the leaf filled with orange-coloured dust.

Under a microscope of low power, with direct light, a small

piece of grass-blade so affected presents a charming
appearance. The dust is seen to be composed of orange-

red globules, having a waxy lustre or bloom, reminding
one of artificial fruits, and forming a splendid contrast to

the bright-green chlorophyll grains of the leaf. With
careful focussing under a higher power, minute projections

studding the surface of the spores become visible, giving

them a bristly appearance. These are the summer or

uredospores of a parasitic fungus now designated Puccinia

ruhir/o rem, one of the corn-rusts which occasionally

inflict so much damage on cereal crop 3. Pnccinin iji-aminis

injures the wheat ; allied

species occasion the orange and
scarlet patches of rust seen on

the rose, barren strawberry,

eye-bright cow-wheat, sow-

thistle, groundsel, thistle,

harebell, nightshade, dog's-

mercury, and many other

native plants. The name
uredospore {uru, " I burn ")

has reference to the con-

spicuous disfigurement and
often burnt appearanceof leaves

attacked by these faugi. Un-
like telutospores, the uredo-

spore germinates at once if

placed on a suitable host,

and gives rise to a filament

which penetrates the epidermis and develops into a my-

celium, extending through the intercellular passages of the

leaf. Uredospores commonly appear somewhat earlier in

the season than telutospores, though the two often grow

together.

On gooseberries our readers may sometimes have re-

marked a bright yellow spot about the size of a sixpence.

Similar spots occur on the leaves of gooseberry and currant

bushes. The lens shows that they consist of a number of

small round openings full of orange powder ; these are the

cluster-cups and meidiospores of .F.cidium i/rossularia. An
exceedingly common species, .!•,. compositarum, is found on

the lower surface of the colt's-foot leaf, a plant abundant

on every railway embankment. Plants may possess more

than one species of parasite ; on the colt's-foot there also

occurs a species of Colesporium, and nearly a score of

different fungi are stated to take up their quarters on the

leaves of the nettle. Each species of a^sidium confines

itself, as a rule, however, to plants of a particular family,

or even selects its hosts from a single species ; thus the

necidia of the berberry, hawthorn, honeysuckle, Scotch fir,

mountain ash, anemone, buttercup, nettle, primrose, violet,

willow-herb, bedstraw, dock, and many other plants are all

diff'erent and belong to distinct species. Seen with the

lens the cluster-cups present the appearance of a group of

Fio. 2.— tiermiuatiiig Teluto-

spores, with promvcelia and
sporidia (sp.). 1- P/irngmi-

diiim. 2. Triphratimidium.
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miniature volcanoes. At first the fecidium fruit is a small

spherical body formed beneath the epidermis of the leaf

whereon it grows, which it ultimately ruptures
; the

fecidium itself, when ripe, bursts, and the yellow spores are

discharged. The section of an iecidium shows a cup-like

cavity with the spores arranged in vertical rows like short

strings of beads ; they are developed by budding, and
become detached in succession. Externally the iecidium

is in most species invested by a membranous envelope,

the peridium, usually cup-shaped, but occasionally, as in

the cluster-cups of the pine, prolonged into a tube. The
peridium may open irregularly or split up in a definite

manner, giving its margin a toothed appearance. An
aecidiospore can germinate when sown on a suitable host.

The cluster-cups appear earlier in the season than the

uredo or telutospores, and are very often associated with

smaller cups called spermogonia, which appear on the

upper surface of the leaf (Fig. 5, 1 spm.), from which
issue minute spermatia, which have never been known to

germinate, and are therefore generally regarded as male
reproductive cells.

All the three kinds of spores above described, it must
now be explained, are produced in succession by some of

the I'rediues on the same mycelium. The Puccinias of

the mint, primrose, violet, goat's-beard, and onion develop

all three forms ; teluto, uredo, and iecidiospores occur on
the same plant. Had we examined the bramble Phrag-
midium earlier in the season we should have found, not
the many-celled telutospores, but unicellular uredo or

ipcidiospores. The rose

rust, PIi. subcortirum, and
that of the barren straw-

berry. Ph. frai/ari(s, in like

manner bear three kinds
of spore on the same host.

The rusts of the knot-

grass, beet, geranium, and
valerian, caused by species

of Uromyces, also possess

spores of three kinds.

Others, like U. alcheinilliB

and U. rumkis,hsiYe teluto

and uredo but no iecidio-

spores. Only telutospores

are known to be produced
by the Puccinias parasitic

on the gout-weed, speed-
well, miUow, harebell, and saxafrage. Uredospores are
wanting in the Puccinias of the ragwort and earth-nut

;

telutospores are absent in the rusts of the figwort and
fern, while neither the uredo nor telutospores are known
which correspond with the neidia of honeysuckle, meadow-
rue, and gooseberry. The three kinds of spore are not
formed simultaneously ; further observations may therefore

be expected to reduce the number of these exceptions.

Before it was known that a cluster-cup, a rust, and a brand
might be merely successive stages of the same fungus,
specific names had been assigned to eiioh of the forms,
with the result that soma of these parasites have three

names ; and this inconvenience is still unavoidable in cases

where the connection between the different stages has not
yet been demonstrated.

But what invests this group of fungi with peculiar

interest is the fact that m;xny of them spend their iirst or
lecidium-bearing stage on a different species of host-plant
from that which they inhabit at a Liter period of their

life history, when they develop uredo and telutospores.

Thus there are several kinds which produce iieidia on the
leaves of firs and pines, and then migrate to plants of the

Fio. 3.—Uredospores. 1. Portion of

grass blade, with rust. 2. Spoivs

of bramble rust. 3. Spores of

barren strawberry. 4 and 6. Spores
of corn rusts. 6. Spores of rose

rust. 7. Spores of thistle rust.

Fio. 4.—_Ecidia. 1. leaf of berberry,
with cluster-cups. 2. Side view of
group of a;cidia. 3. Leaf of sunspurge
spotted with Melamapora euphoi-bi(f.

4. Cluster-cups of bedstraw seen with
lens.

heath order. To this changing of hosts the name
Hetercecism(/i.^/, "other"; oM-os, "house") has been given.
Analogous phenomena are observed among animal para-
sites. The same organism which occasions "measles"
in pork, afterwards gives rise to the tapeworm in man ;

the tapeworm of the cat is but a more advanced form of one
that inhabits the intes-

tines of the mouse
;

and the liver fluke

of the sheep passes

one part of the cycle

of its development in

the body of a pond
snaU. Farmers long
suspected that the

presence of berberry

bushes in their hedges
had something to do
with the rust that de-

stroyed their wheat.
This idea was verified

by the discovery that

Pnccinid rjraminis is

merely a later stage

in the development of AUcidium berberidis which infests

the berberry. As the alternation of generations was
first traced in this species, it is the example of

heteropcism usually given in text-books, but a similar
connection has been made out in many other instances.

The cluster-cups of the Scotch fir belong to the
same Uredine which bears teluto and uredospores on
the groundsel ; those of the colt's-foot correspond to
telutospores on the meadow grass of Pi(ccinia pminm ;

.T'.cidium uiiic(B of the nettle develops uredospores on
species of Carex ; the iecidium fruits of (TiiiininsjNinni'iiuiii

cdiirt'lliitii occur only on the leaves of the mountain ash
and other Pomaceie, the telutospores only upon those of
species of juniper. The ii'cidium of the buckthorn is

related in the same way to Pwriiiiii nirtinntii, not uncommon
on grasses. Again, the ivcidia of the orchid, onion, dock,
and dandelion appear in their uredo forms on various
grasses and sedges, while the parasites of certain Composites
seem to migrate to other plants of the same order. The
corn rust, P. ruhiiiri cr,;, turns out to be the second stage
of an iicidium that grows on the leaves of Anchusa and
other plants of the borage family.

From these examples it will be seen that in fungi of this

description each generation of each species has its own
form of fructification and its own peculiar host-plant.

The brands of the mint aud bramble are not hetera>cious,

but produce all three sorts of spore on the same host, or
even on the same mycelium ; the I'redmes of the honey-
suckle, meadow-rue, and gooseberry, of which only the
ii>3idium forms are known, are likewise restricted to one
species of host. In this country ./.'. iirossiilaria only
produces n'sidiospores ; telutospores are stated to have
been observed on the gooseberry itself on the Continent.
Should this be confirmed, it would appear that the fungus
in question is confined during its whole existence to the
same plant, and does not, therefore, possess the heter*cismal
character.

In the life history of oao of these migratory fungi we
have then the following phases :—The earliest form
inhabits the leaves of a plant such as the berberry, where
it exhausts its energies and completes its career by the
production and discharge of the ii'cidiospores ; the latter

are incapable of germinating on the berberry, but on being
transferred to wheat, at once germinate aud form a
mycelium which develops the uredo and telutospores. The
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uredospores continue to propagate the uredo form of the
fungus indefinitely upon the wheat, but the telutosporos or
sporidia arising from them will only grow mycelia if sown
on the leaves of the berberry.

In not a few instances these relationships have been
established by direct experiment. Dr. C. B. riowrlght
succeeded in producing jrcidia on the hawthorn and
mountain ash by infecting their leaves with telutospores
taken from the juniper, and on the nettle with telutosporeg
from a species of Carox. Conversely, with ajcidiospores
from the nettle he obtained the uredospores of riiccinin

can'cis on Carex, and spores from the colt'sfoot cluster-cup
placed on the meadow grass developed the uredo form of
P. jiotiniiii. The u'cidiuin of the berberry gave rise to
P. (irniiiiiiis on grass, and berberry leaves infected with
telutospores from the latter developed ivcidia of the usual
form. Check plants which in these experiments were not
inoculated yielded negative results ; the possibility of

,.sj»r

error was thus eliminated. It may therefore be taken as

conclusively proved that many of these leaf fungi exist in

alternate generations as parasites on distinct plants, with
forms so unlike that the successive phases in the life cycle

of one and the same fungus were for long regarded as

different species and classified in separate families. The
brilliant orange and scarlet tints exhibited bv so many
Uredines are due to the presence in their cells of drops of

highly-coloured oil. They differ from the PeronosporeiP in

their septate mycelium, and are less destructive, as the
mycelium does not extend through the entire body of the
host, but the damage is usually restricted to the small
affected areas of the leaf. Sexual reproduction has not
been observed in the Uredines ; there are, however, grounds
for the belief that a process of fertilization really takes
place, but the consideration of this question must be
reserved for another occasion.

DAY-FLYING MOTHS.
By L. N. Badenoch.

A
POPULAR division of the r^pidoptem, or scale-

wings, in England, is into butterflies and moths ;

the former being termed liiunii, the latter

Xocturni. In most Continental languages one
principal word serves for the two great Lepidop-

terous groups. Thus, papillon, in French, may stand for
either a butterfly or a moth, and they are distinguished
respectively as papillon tie jour and pnpillon de nuit.

But since, in fact, many of the species of the nocturnal
Lepidoptera are day-iiiers, and, vice vers't, not all the diurnal
Lepidoptern fly by day, the habits of these insects do not
seem to prove a good basis for separation. In order to

avoid the misconceptions producf d by the terms "diurna "

and "nocturna," Boisduval, a French entomologist, pro-
posed to substitute Hhopnlocera (club horns) for the
butterflies, and Heterucera (different horns) for the moths.

At first glance few distinctions appear more happy than

this—few classifications more natural. It was no sooner
announced than it was recognized as a most convenient

arrangement, and it <|uickly came into general use. It is

founded on the structure of the antennii'. A marked
thickening towards the end almost universally characterises

the antennii' of the HlKiiuilorera. Such being the case, it

is undoubtedly a character of primary importance. But a

certain family of moths (Spliiiu/ida-), by their antenme
thickening towards the end, though terminating suddenly

in a point, bring the two groups into near relationship, and
lessen their value, while the most interesting Castniiilm

and Vnmiiila (of which more anon) so intimately connect

them that these families have sorely perplexed systematists

as to whether their rightful position was with the one
group or with the other.

In a word, though we may speak of Hhopalocerous and
of Ileterocerous characters, there is no one character

which infallibly severs the two divisions. The more
intimate our knowledge of animal forms, past and present,

becomes, the more our demarcations give way. As we
arrive at a true conception of the relations of animals we
realize the closer approach of the different groups, until

we perceive an almost continuous chain.

Let us glance at the curious and abnormal collection of

pretty insects, Castniida, which, in some respects, combines
the characters of both Lepidopterous divisions, but in

modern opinion has most attinities with the moths. LinuiiBus

and all the writers of the last century regardi^d the

species of the genus with which they were acquainted aa

butterflies, including them in the great group PapHia, on
account of the clubbed structure of their autenniB. At
the beginning of the present century, when this group was
broken up, the genus Caatnia was established, though
Fabricius still retained it among the butterflies. But when
the antennsB are carefully examined, they do not exhibit

the real Ehopalocerous structure. In like manner, tiie

Thaliura Phipheus (Madagascar). Two-tliirds natural size.

Castnians differ from other groups of Heterocerous
Lepidoptera in the complicated arrangement of the veins

of the wings, and in various ways.

In general appearance they vary much, but, typically,

they have large wings, with loose and remarkably large

scales, and a position in repose deflexed or incumbent,
being furnished with a wing-guide or guides ; and the

antennie, though club-like at the tip, are generally long
and more or less supple. All these characters are constant,

and are Ileterocerous characters. As a rule the head
is broad, and the body large and somewhat pointed.

The Castnians resemble butterflies in this particular, in

their evidently diurnal habits, as evinced by the brilliancy
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of their colours. Numerous species are reckoned withia

their number, many of large size, and generally adorned
with beautiful coloarj, a rich effect heightened by the

metallic gloss of the prominent scales with which most of

them are covered. In respect of colour the sexes may
differ widely.

Turning to their preparatory stages, the larvie are

endophytous, boring, with strong mandibles, the interior

of stems and roots of cacti, of orchids, and other plants—

•

a habit which, though found in butterflies, is very excep-

tional. Likewise, they are provided with the ordinary

horny piliferous spots or tubercles that characterize Hetero-

cerous larvit, and have a horny anal plate, whereas butter-

fly larv;f rarely possess these warts. In keeping with all

Heterocerous borers, the pupae are supplied with minute
spines on the hind borders of the abdominal joints,

affording the pupa power of moving in the tunnel bored

in the tree, and assisting it out of its coeoon.

The Castniida: are essentially proper to the warm equa-

torial regions ; their geographical range, in fact, extends

only to Mexico and Central and Southern America, finding

their greatest development in Central America and Brazil.

The few Castniohles, or species of Mtyatlii/nius, known.
Inhabit the southern portion of North America, hailing

from the Southern States, from Florida, and from Arizona.

The genus Si/wmon appears to represent the Custniidee in

the vast continent of Australia.

Of these aberrant forms Mi';/athi/mus t/iicca, the Yucca
Borer, is one of the most interesting. Although placed

with the Castniida., it has none the less given great trouble

to systematists, having been bandied from the butterflies to

the moths ; and, it must be owned, some still regard it as

a genuine butterfly. This species is common in the Gulf
States of America over extended regions, where its larva

commits serious depredations of the nature that its popular

name implies.

It is a dull-coloured moth, and rests with wings
elevated —thus differing from the typical Castniidm—its

antenniB generally directed forwards ; also in smaller wings,

in smaller closer scales, in unarmed hind-wings, and in

stiffer, relatively shorter, antennae, it diverges in character

from the Castniidw. Its flight, which is diurnal, is an
extremely rapid darting motion as it passes from plant to

plant, principally in open spots. During April and May,
and earlier, it may often be seen in the morning
where the yuccas abound, darting hastily about after

its customary fashion, on laying thoughts intent ; and
as it pauses for a few seconds at one place, it fastens

an egg to some portion of a leaf. The eggs are laid

singly, though more than one may be put on the same leaf.

The larva, which is reddish brown, with a black head,

shelters itself in a web between some of the youug terminal

leaves. Usually it starts proceedings near the tip of a

leaf, working gradually downwards, eating the while, and
rolling and shrivelling the blade as it goes. It lives thus

among the leaves till about one-fourth grown, when it

enters the trunk, commencing the devastation for which it

is famed. Along the axis the trunk becomes bored and
tunnelled out into a cylindrical burrow, wherein the larva

makes its home, extending often to two or more feet below
the ground, and at its upper end lined with silk, generally

intermingled with a white, glistening, powdery material,

soapy to touch, and analogous with that of Hymenopterous
and many Homopterous larvae. At what stage of larval

development this powder is secreted is not known, but the

full-grown larva is always covered with it more or less

copiously, and doubtless it protects the invadrn- against

the mucilaginous liquor which the yucca freely exudes on
maceration.

The funnel-like tube outside the burrow, made by the

twisting and webbing together of the tender leaves, when
partially devoured, is quite characteristic of the larva of

YiKcie. The tube is, indeed, built and extended often

several inches beyond the trunk or stem : from it the

builder, especially when young, emerges to feed, and the

small amount of matter besides silk used in its construc-

tion— the remnants of leaves and such-like substances

—

have been obtained and worked into the exterior from the

outside. Pupation generally takes place at the top of the

burrow, just below the funnel-like projection, but without
the preparation of a well-formed cocoon. The pupa is

of a brown-black colour, and, like the mature larva, is

more or less densely covered with a white powdery bloom.

Urania fulr/cm (Cectral America). Two-thirds natural size.

It has long been a problem with systematic writers

what is the true situation in nature of the highly in-

teresting group of insects Uraniidc-. The day-flying

habits of the insects, together with their airy forms and
the extraordinary brilliancy of their colours, naturally led

to their being at first classed among the Rlioiialocem, but

later acquaintance with their transformations proves them
to belong to the Heterocerous division of the order.

They are among the most richly ornamented [.<pidoptera

of that very brilliant order. It would be ditficult for art

to eft'ectually represent the changeable and resplendent

golden green of the numerous bars which contrasts with
the velvety black of the wings, and varies with every

change of light. The posterior wings are prolonged into a

single elegant pointed tail, closely resembling that appen-

dage in many swallow-tailed butterflies ; or there may be

present at tlie hinder extremity of the wings no fewer

than three distinct tails. The typical species of these

superb insects are natives of tropical America, where they

fly so high, and with such amazing rapidity, that it is

almost impossible to catch them, and the only way, there-

fore, to obtain good specimens is to rear the caterpillar.

Urania boisdnialii, which inhabits Cuba, may be con-

sidered as one of the most beautiful l.t-pidni'tr'ia known.
It attains an expansion of wing of from four to four and a

half inches, with an undulated rim, the hollows of which
are more or less sparsely tipped with white ; otherwise its

colours arc velvety black and green. While the black of

the superior pair of wings is relieved with golden green

transverse lines, and their under side is nearly all black,

with transverse lines of a bluish green, on the black of the

inferior wings we nolo a longitudinal broad discal greea
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band, a mark easily distinguishing this beautiful species
from all its congeners.

On approaching from the sea any open sandy shore in

the Isle of Cuba a copse wood is perceived, above the coral

reefs, forming a close and nearly impenetrable belt, maybe
ten or twenty yards wide, and composed of almost one
kind of tree, of aspect strange to the European eye, the
Coccolohii uiiferii, the so-called I'lvro of the Spaniards.
Immediately behind this belt an immense variety of
vegetation grows in the parched sand, the plant of chief
interest to us being that technically titled Ompluih'a
tridihlrii.

This, the Cob or Hog nut of .Jamaica, the .Iri'llinmol the
Island of Cuba, sometimes reaches the dimensions of a
tree fifteen feet high. The part that concerns us is the
leaves—great, thick, heart-shaped things of leathery
texture, and a scabrous surface of a pale green ; the
young leaves and the leaves of the young plants, although
of the same texture and colour, are of different form, being
deeply incised.

During the heat of the day, on the upper side of the
mature entire leaves of this tree the caterpillar of I'. Loi.i-

(luralii may often be discovered torpidly reposing, screened
from the fierce rays of the sun within a thin transparent
silky web. At night, no longei sluggish it quits its cover,

greedily stripping (hnjihuten of its foliage, so that trees are
left with scarcely a single leaf ; nor is it inactive in the day-
time when disturbed, but can run about quickly, and shows
little affinity to the caterpillars of other diurnal Lfpidoptira,
which usually have a slow motion.

In February, and the ensuing months of spring and
summer, the perfect insect deposits its eggs on the tender
incised leaves, laying them singly. The young larva is of

a pale green, with a yellowish head; but ere it reaches
maturity its appearance undergoes considerable alteration.

It is then about two inches long, and moderately hairy
;

and while the body varies in tint from a pale yellowish

Vrniiia leilus. Two-tliirils natural size.

green to a tlesh colour, the head now is red, irregularly
sprinkled with some black spots, and the prothorax of a
velvety black. The head is polished and sessile. But these
larvip difi"er much from each other in size, marking, and
colour, more so than ordinarily occurs with larva- of the
same species.

Eventually the larva spins an oval cocoon of dirty
yellow silk, of which the threads are so few, and so loose,

as to allow the inmate to remain visible through the
meshes ; within the cocoon it changes to pupa. The
chrysalis is not at all angular, and, moreover, reposes in a
horizontal position. Yet it agrees with that of most
diurnal Lepidoptera in being rather gaily coloured.

The flight of the imago is truly diurnal, swift, always

strong, and in starts. The interior of the island it does

not seem to haunt, but may be found plenteously in

gardens at a distance of two, and even three, leagues from

the shore. But it is by far the mo=it common near the

sea, because there grows its favourite (hnphnlcit. As a

matter of fact, however, it prefers flitting about the leaves

of the Coccolohd urifi'ra, unless when employed in depositing

its eggs.

As the genus ihiiiihalcn is common in Brazil and
(luayana, in all probability it affords pabulum to Vrania

hrnsilii'nsi.i and ' . hilus, species whoso habitats are Brazil

and Cayenne and Surinam respectively : for, as MacLeay
remarks, "the minor natural groups of LrpiilopteiK often

keep very constant to the same natural group of plants."

In a word, the gorgeous Madagascar Cliri/slridin madatjas-

rarensis, the Species of the East India isles, and many
more, may likewise feed on leaves of seaside F.uphorhiacece.

Eemark the habit of thefe day-llying moths of perform-

ing migrations. The very beautiful /'. fid<iniH migrates

annually, from east to west, in August and September,

across the Isthmus of Panama. Flights have been

observed by a naturalist in the Isle of Caripi, near Para,

in the Brazils, at Pernambnco, at Ilio Janeiro, and in the

Southern States; but he saw them nowhere so abundant as

on the Amazons. From early morning till nearly dark

the insects passed along the shore in amazing numbers,

but most numerously in the evening, and mainly from west

to east. Swainson, speaking of ''. lirasilicnsis, a species

almost the exact counterpart of V. leilus, states that he

witnessed a host fiying during the whole of a morning in

June past Aqua Fria (Pernambuco), in a direction from

north to south—not one deviating from this course, not-

withstanding the dowers that were growing around ;
and

though they Hew near the ground they mounted over

every tree or other high object which lay in their path,

and it was impossible to capture a single specimen, so

rapid was their flight. For three or four days they

continued to pass in this manner. On the occasion of the

flights over the city of Panama, iu some cases the insects

are attracted into houses by the light, so as to almost fill

the rooms. At night they are accompanied by goat-suckers,

and during the day by swallows and swifts, which probably

destroy large numbers. As will be gathered, these

migrations of Irania, though regular, are confined to

comparatively narrow limits in the tropics.

THE SPECTROSCOPY OF ARGON.

M
Translated from the French, ivith Additions,

By T. L. Alger, LL.D., Ph.D.

H. CROOKES found, on examining this gas with

a very powerful spectroscope, that it gives, like

azote, two distinct spectra, according to the

intensity of the induction current employed,

hut that these two spectra are both constituted

of fine lines.

He used ordinary Pliicker tubes having a capillary part

in the middle, which are quite suitable for this particular

investigation.

At the commencement, the bands of azote are always

seen, even with argon which is supposed to be perfectly

pure, but they disappear at the end of a certain time.

At the pressure of three millimrtres the most brilliant

spectrum is obtained, and in this case the light is red.

On diminishing the pressure and placing a Leyden jar in

(he circuit, the colour of the discharge is seen to pass
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from a beautiful blue to a steel blue, and then we get the
second spectrum.
The first is composed of eighty lines, the second has

one hundred and nineteen, and there seem to be twenty-
six lines in common.
The analogy that argon presents with other simple

gases lies in the hypothesis that it is itself considered to

be a simple body.

Mr. Ramsay has also been able to detect the presence of

argon and also of helium in cleveite, a mineral discovered
by Xordenskinld, and found to be formed from oxide of

uranium, uranate of lead, and other rare minerals. Except
in a meteorite in Augusta County, Virginia, U.S.A.,
helium had only been observed in the spectrum of the sun.
M. Bouchard, again, has found that the lines which are

characteristic of the spectra of argon and of helium exist

in the spectra of the mineral waters of Cauterets.

51. Deslandres has also observed in cleveite another line

which is found in the solar spectrum, and which bids fair

to announce to the scientific world the presence of a new
element common to the atmospheres of the sun and the
earth.

Lastly, M. Berthelot, in his study of the spectra of

fluorescence, has discovered, with argon charged with the

vapour of benzine and submitted to moderate magnetic
action under certain conditions which appear to correspond
to a particular state of equilibrium, that this absorbed
vapour does not pass away even after a considerable time
has elapsed. First a violet tint is obtained with a sprinkling

of fiery red, then a beautiful green fluorescence which is

visible in broad daylight even at a distance. The clearest,

most characteristic, and most brilliant line is green ; of the
rest, almost as brilliant are a yellow line and two violet

lines, the latter less visible than the others ; but there is

one line, the last of the series, which can only be seen in

total darkness. These lines correspond to the brilliant

lines of argon considerably rarefied.

The appearance of the lines due to fluorescence at

atmospheric pressure seems to indicate the existence of a
combinaiion of hydro-carbonate of argon of the same order

as hydrocyanic acid.

From certain lines coinciding with the lines of the
vapour of mercury rarefied, M. Berthelot concludes, that

he has produced a complex equilibrium—or, rather, a

condensed compound, originating when the mercury and
the elements of benzine come between at the same time
as the argon.

ALKALI-MAKING BY ELECTRICITY.
By C. F. TowxsEND, F.C.S.

THERE is hardly a single industry, from the cottage
laundry to the mill where the paper is made on
which this article is printed, in which alkali, in

some form or other, is not used in large quantities.

Under the term " alkali " we include ordinary
washing soda, and soda ash, caustic soda, and caustic
potash. Until the end of the last century all the alkali

used by the world was obtained from vegetable or mineral
sources. Of the former, potashes or the ash obtained by
burning wood or vegetable matter is still a product of
commercial importance, being used in the manufacture of
soft-soap. Barilla, which is the ash of a plant that
grows plentifully on the salt marshes of Spain and the
neighbouring parts of France, was of considerable impor-
tance in soap-making and kindred industries f'fty years
ago ; but a very small quantity is imported into this country
at the present day. Kelp, which is obtained by burning
seaweed on the coasts of Scotland and Ireland, con-

tains a small proportion of soda, but is chiefly valuable

as the source of iodine and bromine. As regards

mineral sources, soda is obtained from the various

deposits of alkali in the more tropical regions of the

world.

It was not until just before the French Revolution

that a process was devised for making alkali by artificial

means. The discovery came about in this way. Some
years previously it had been discovered that the base of

common salt was the same as that of mineral alkali, and
in 1775 Scheele, the poor apothecary's assistant who
did more for the progress of science than almost any
man before or since, had found that litharge would
convert common salt into caustic soda. About this

time the French Academy of Science oft'ered a prize

for a method by which salt could be converted economi-
cally into soda. The successful competitor was Nicolas

Leblanc, and his process, with a few modifications, is

in use at the present day. Nicolas Leblanc, like all

the great benefactors of humanity, got little out of it

himself. He secured a patent and commenced operations

at St. Denis. His patron, the Duke of Orleans, however,

was executed in 1793, and Leblanc's works were closed

;

whilst in 1791 a decree of the Committee of Public Safety

deprived Leblanc of his patent for the benefit of his

country, the magnificent sum of six hundred francs being

awarded to him by way of compensation. The works were
restored to him in 1801, but his capital was gone and he
was unable to make headway agamst competitors who
were using his invention. In 1806 a committee reported

on his case, but the sum awarded to him was so trivial

that Leblanc, in despair, committed suicide.

In converting common salt into caustic soda its atom
of chlorine must be replaced by the elements of water, and
carbonic acid must be added to this to produce washing
soda or carbonate of soda. What is ordinarily called car-

bonate of soda is the bicarbonate, which contains twice

as much carbonic acid as washing soda. In the Leblanc
process the salt is first treated with sulphuric acid, which
causes an interchange, the elements of sulphuric acid taking

the place of the chlorine to form sulphate of soda or Glaubjr's

salts, whilst the chlorine is carried ofif in the gaseous form as

hydrochloric acid. This acid is now condensed in water
instead of being allowed to escape into the open air to

blight the whole surrounding country as it used to do,

and in its uupurified form is ciUed muriatic acid or spirits

of salt. From this acid the chlorine is recovered and
passed through chambers containing lime to make bleaching

powder. The sulphate of soda is mixed with chalk and
tine coal and heated in a revolving furnace. In the end
this produces a solution of carbonate of soda, and the

sulphur in the tank waste is nearly all recovered. To make
the soda crvstals used for washing clothes this is evapo-

rated down by the waste heat from the furnace. If soda

ash is required, a much stronger heat is applied to deprive

the crystals of the water they contain ; and if caustic soda
is wanted, the solution is boiled with lime.

For many years the Leblanc process had the whole field

to itself, but now it has a hard struggle to compete success-

fully with the ammonia soda process. The principle of

this method is said to have been known since 1S22, but

although many worked :it it the engineering diflicuUies

proved too formidable, and it was not until about 1863
that the problem was solved by a Belgian chemist named
Solvay. For many years after that the process did not

seem to gain much ground, but since ]n7"2 it has been
making great strides, so that by this time nearly as much
alkali is made by the ammonia process as by that of

Leblanc. The principle of the ammonia process is very
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simple. Ammonia and carbonic acid are blown througb

brine, and bicarbonate of soda, wbich is comparatively

insoluble in water, falls to tbe bottom. TVom tliis

bicarbonate, soda ash, soda crystals, or caustic soda are

made. The weak point about the ammonia process is

that all the chlorine, forming more than half the weight

of the salt used, is wasted. If it was not for this, the

Leblanc process would have bcin defunct long since.

Until recently all the sulphur of the sulphuric acid used

in the Leblanc method was thrown away to form the

filthy heaps of tank waste which disfigure tbe country and

poison the air in the alkali-making districts, but all this is

recovered now by a method described in Knowledge a few

years ago.

By whatever means we accomplish the separation of the

chlorine from the sodium in common salt, all that we have

to do is to supply the energy necessary to efl'ect the change.

Ileat, the attraction of the chemical atoms for one another,

and the electrical current are the different forms of energy.

In the Leblanc process the first is used ; in the ammonia
process the second ; and in the latest method the third form

of energy is brought into play. In pumping water up to

a reservoir on the top of a hill the work done will be the

same whether we employ a steam engine, a windmill, or a

hand pump ; but the amount of power expended will

depend on the etlicicncy of the pump. A pump with

leaky valves that let half the water back again every

time the piston is moved would require twice as great an
expenditure of energy as a properly constructed machine.

It is just the same in manufacturing chemistry. An ideal

method on paper may prove very unsatisfactory in

practice. Now, the electric current is the ideal way of

applying energy for effecting chemical changes, although

in practice we have been able to apply it very little at

present. When a current of electricity is passed througb

a solution of common salt the effect produced on the

chemical atoms is exactly similar to the " ladies' chain"
in the dance known as the " lancers." All the sodium
atoms commence to travel in one direction and all the

chlorine atoms in the other, joining hands as they meet.

Instead, however, of moving in a circle, as the dancers do

in the " ladies' chain," the atoms move towards the two
poles or ends of the conductors along which the electrical

current reaches and leaves the solution. The chlorine

travels towards the positive pole and the sodium to the

negative pole. When they reach the poles the atoms are

set free, so that from one pole the chlorine gas is given off

and from the other sodium, which combines with elements

of water to form caustic soda. If this action went on
perfectly the electrical process would supplant the others

in a very short space of time. Unfortunately, however,

the sodium and chlorine atoms have a strong tendency to

join hands again after they have been separated ; and
although there are other difficulties that are too technical

for us to enter into here, nearly the whole of the work
done in this field of investigation has been devoted to

perfecting a means of preventing the atoms in the

electrical dance from becoming partners again.

The principal contrivances that have been used for this

purpose are porous partitions or diaphragms extending

across the middle of the cell containing the solution

of salt. The amount of ingenuity that has been
expended on these diaphragms has been very great, but

none of them arc really perfect. The recoQibination of

the atoms is never entirely prevented, and, as we might
expect, the diaphragm gets in the way of the electric

current to some extent, so that a higher power is required

to drive the electricity through the solution. The most
successful of these processes have been the Greenwood and

the Le Sueur, which is said to be used extensively in

America and on the ('ontinent, where water power is

available to drive the dynamos that supply the electric

current. In the llargreaves-I3ird process, explained

recently in a paper read before the Society of Chemical

Industry, the difficulties of having a partition in the middle

of the solution have been overcome in a most ingenious

way. The brine is placed in the middle compartment of

a vessel, divided into three parts by two diaphragms

stretching across it. The diaphragms are supported on

the outside by copper cloth, which forms the negative pole

of the electric current. The two outer compartments,

instead of containing brine, are filled with a mixture of

carbonic acid and steam. As soon as the current begins

to pass, caustic soda is given off at the copper cloth. The
soda combines immediately with carbonic acid to form

carbonate of soda, which dissolves in the water condensed

from the steam and Hows to the bottom of the partition,

where it is drawn oft'. The chlorine gas passes off in the

meanwhile through an opening in the top of the partition

containing the brine, so that the partners, when once

they have left the electrical dance, never come near

one another again. By this process it is claimed that

pure alkali and the strongest bleaching powder can be

made at less than five-sixths the cost of the best of the

older processes.

Besides the methods in which a diaphragm is used,

other ways have been invented for removing the atoms

from theneighbourhood of one another. In two of these,

mercury forms the negative pole, towards which the sodium

atoms travel. Instead of combining with the elements of

water to form caustic soda, the sodium unites with the

mercury. This quicksilver is kept in rapid circulation, so

that as soon as the amalgam of mercury and sodium ia

formed it is removed from the vessel where the action is

going on. The amalgam is treated in a separate vessel to

recover the sodium in the metallic state, or it is run into

water, where caustic soda is formed and the mercury is

set free. One of these processes is known as the Castner-

Kellner process, and the other has been devised by Mr.

Claude Vauiin. The last-named inventor is responsible

for another ingenious method, in which fused salt is used

instead of brine. The action goes on in a crucible kept

hot by the electric current itself. The negative pole in

this case is formed of a layer of molten lead at the

bottom of the crucible. The sodium amalgamates with

the lead in the sann way as it does with the mercury in

the process just described. In all the different methods

the positive pole or electrode is formed of a rod or plate

of gas carbon.

The non-technical reader may be inclined to regard this

account of electrical alkali-making as somewhat dry, and

of no particular interest to himself. It is really astonishing,

however, to think of the vast revolution the introduction

of electrical energy will effect in our industrial life. The

whole conditions of life in the country will be changed.

Water power will replace coal as the prime source of

energy. The cohorts of factory chimneys, belching forth

black smoke, which wanders over the sky in ever-in-

creasing folds, like some evil genius just arisen from the

bottomless pit to shut out the light of day from the

workers, will disappear in a great measure. We are

not blessed in this country with large rivers, but the

water power of the tides running to waste round our coasts

is enormous. The power of the tides running past Bristol

is sufficient to drive all the alkali works in the kingdom

half a dozen times over. The task of providing this water

power might well be undertaken by our great maritime

municipalities or county councils. All that is required ia
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to build large stora,f,'e reservoirs at the level of the top of

the tide. They would fill at the Hood, and gradually run

down to reservoirs on low ground, which would be emptied
at the ebb. By means of turbines and dynamos this

power could be transformed into the energy of the electric

current, which would turn all the machinery in the city

—

if not in the whole county—besides lighting and heating

the private houses and public buildings. Another im-

portant point is that our stores of coal are by no means
inexhaustible. In fact, they are dimiaishing rapidly, and
the most liberal estimate does net give our coal supply

more than one hundred and fifty ytars' duration at the

present rate of consumption. Long before that time the

depths of the existing shafts will have to be increased so

much that the cost of getting the coal will be very much
augmented, and we shall be placed at a great disadvantage
as compared with countries that have not drawn largely

on their hidden store. If we are able to utilize the

natural powers of the tides and rivers we shall be able to

eke out our supplies of fuel to an almost indefinite extent,

and the countries like our own with a large coast-line,

round which run strong tides, will still lead the van in

industrial progress.

M
OBSERVATIONS DE L'tCLIPSE TOTALE DU

SOLEIL DU 16 AVRIL, 1893.*

DESLANDRES' report comes at a most appro-

priate time, and it will be the more welcomed
since M. Deslandres has taken so prominent a

^ part in that rapid advance in solar physics

which has been so marked during the last

few years, and since in the 1893 eclipse he attacked an
entirely new department of the solar problem.

The report opens with remarks on the importance of

eclipses, on the special conditions of that of 1893, on the
necessity for using the photographic method in the study
of coronal forms, and on the threefold character of the

coronal spectrum. This is : first, continuous, from incan-

descent solid or liquid particles ; second, bright line from the

coronal gases ; third, a feeble solar spectrum from reflected

sunlight. M. Deslandres then speaks of his design to push
his researches into the ultra-violet region of the coronal

spectrum, and to determine the speed of rotation of the

corona by the relative displacement of its lines east and
west of the sun. This latter was not only a new investi-

gation, but one of the highest importance ; for if the

corona be composed of a vast network of meteoric streams,

its rate of motion would be much more rapid than if it

turned with the sun.

The description of the instruments employed, and of the
manner in which they were arranged, wliich follows mxt,
is of great interest, but need not detain us now. The mc st

striking detail was the use of a double polar heliostat in

connection with three of the principal spectroscopes. The
day of the eclipse was not particularly fine, the sky being
by no means so clear as on the preceding days. However,
twenty-seven photographs of the corona and of its spectrum
were secured.

The photographs of the corona itself were obtained with
three objectives of different ratios of aperture to focus, all

mounted on the same equatorial. It is, M. I)eslandres

points out, practically impossible to fix what will be the
best exposure beforehand ; this combination of three lenses

of very different relations gave him, however, a very wide
range, and the greatest extension seems to have been

• Par M. H, Bcsliuidics. (Paris: Onulliii rVillars ct Fits.)

secured with a telescope of fa 12^^, an exposure of forty
seconds, and a plate of medium sensitiveness. In all,

seven plates were obtained with each of the three tele-

scopes ; but the last plate of each set was spoiled by the
return of sunlight. The evaluation of the depth of
deposit caused by the coronal light shows that for the
region between 3' and 9i' from the limb, the light equalled
18 of a " decimal bougie" placed at one metre distance.

Comparison of the West African photographs with those
taken in Brazil and Chili show no great change in the
corona in the interval of time ; but the comparison with
those of earlier eclipses enforces the conclusion long since
arrived at that the corona changes its form with the sun-
spot cycle. The threefold character of the coronal light,

alluded to above, was again manifested : the bright line

spectrum being strongest in the lower regions, the central
region showing rather a continuous spectrum, and a feeble

spectrum of reflected sunlight being given from remoter
districts.

In spectroscopic work M. Deslandres was anxious to

push his researches far into the ultra-violet, thus breaking
up new ground. Five slit spectroscopes in all were
employed, but two yielded no results. The other three
gave good spectra, yielding the means for determining the
positions of a large number of bright coronal lines, and
the spectrum of the greatest dispersion enabled M.
Deslandres to obtain the first determination of the speed
of rotation of the corona. This, by far the most striking

result of his work, and worthy of the strongest emphasis,
gave a relative motion of the corona, east and west of the
sun, of 68 km. ; approaching, that is to say, the relative

motion of particles rotating with the sun. This result

would alone have been worth all the heavy labour
M. Deslandres devoted to the eclipse ; and though the more
powerful spectroscope he designed for this research gave
no result, and though we must hesitate to base theories on
a single set of observations, as yet unconfirmed and not
incapable of misconstruction, he is abundantly to be con-

gratulated on the success obtained with his second weapon.
Other spectroscopic results were : the demonstration that

the continuous spectrum, which forms the major part of

the coronal light, is intensest towards the red, relatively to

the light of the disc, and this is more marked the higher
from the limb the point examined ; that the dark line

spectrum due to reflected sunlight cannot be detected at
5' from the limb ; and that the bright lines vary in

difl'erent parts of the corona and at different heights, and
do not usually correspond to known terrestrial elements.
The concluding chapter of the report is one of especial

interest. It is a review of the progress of our knowledge
of the solar atmosphere up to the present day, with
suggestions to which the long and careful consideration of
solar problems has given rise in M. Deslandres' own
mind.
The first point touched upon is the relationship of the

periodic changes in the sun and its atmosphere, as, for

example, the association of a particular type of coronal
form with a solar spot minimum. The cause of this

periodicity is still unknown, but M. Deslandres favours the
sunspot theory of M. Faye, which regards sunspots as

having analogies to terrestrial cyclones, and explains the

differences in the surface speeds of the photosphere by
great movements of gas in the vertical direction. For the
corona an electric origin is favoured : M. Schaeberle'a
" mechanical theory,'' which is discussed somewhat at

length, being irreconcilable with the results mentioned
above as to the coronal rotation. In propounding an
electric theory, M. Deslandres, as ho points out, follows in

distinguished footsteps, Tacchini, Fi/eau, Secch\ lluggins,
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and many others having expressed opinions more or less

in consonance with such an iiiea. (Dr. llrestor's name is,

by a ahp, no doubt, given as lirewster.)

It would be entirely unfair to attempt to summarize in

a few words the theory here expounded. It may
sufVice to say that M. Deslandres linds a very close

analogy between solar and terrestrial meteorology ;

promineaces, for example, being, according to him, tho

solar representatives of our electric storms.

A VERY EXTENDED STREAM OF SUNSPOTS.

THE years 1893 and 18!)1 were markedly the epoch
of the sunspot maximum. 1895 showed a steep

descent of tho curve of spotted areas, and, indeed,

on four days in April and three days in May of the

current year the sun was entirely free from spots.

Drawings of the solar corona of August, 189G, made at

Bodi) and Nova Zembla, added strong testimony of the

near approach of the sunspot minimum. Nevertheless, on
September 9th, 189(i, a small solitary umbral spot was
observed close to the east limb, which on the following

day was seen to be the precursor of a group hardly sur-

passed in area even by the great group of February, 1892,
and equalled by none in length. September 11th and 12th
were cloudy ; but on September 13th the photograph
showed it well advanced on the disc, a sinuous length,
a narrow band of almost constant breadth, with central and
segmented nucleus and faintly continuous penumbra. To
the north of the final spot of the riband, itself curved,
there was a semi-elliptical ring of nebulosity with three or

four small nuclei situated on the inner side of the ring,

whose apse points north. Iq fact, the whole stream
formed a series of curves whose concavities lay to the
sun's equator. Little change was to be noted on
September 14th and 15th, and by September Kith the
great procession of spots was passing the central meridian,
and its fair proportions were spread unaltered by fore-

shortening before our eyes. The sharply nucleated pre-

ceding spots of the group showed a tendency to shed
indefinitely shaped nebulosities on their southern side.

closely resembled the opening shells of a bivalve. The
herald spot had lessened its distance from the great group
very considerably, liy September 20th the spots had
aggregated to form three distinct groups, and as the stream
had now nearly approached to the west limb its form and
character could not be so easily recognized. On September
22ad only the iinal spots were to be seen on the sun's

edge.

The accompanying plate will give, however, a better

idea of the form and changes of the group than much
verbal description. The photographs, which we are

enabled to reproduce by the kind permission of the

Astronomer Uoyal, were taken with the Dallmeyer photo-

heliograph of four inches (three inches effective) aperture,

and live feet focal length, of the Royal Observatory,

Greenwich, on September 13th, IGth, 19th, 21st, and 22nd
respectively. The primary image is enlarged fifteen times

in the telescope itself, and has been further enlarged for

reproduction twice more, so that the scale of the photo-

graphs here given is half an inch to a minute of arc, or

about sixteen inches to the solar diameter.

The leading spot of the group on September lOth was
in hel. long. GC° and in liel. lat. IC N. ; the last spot

in hel. long. 12'' and hel. lat. 10^'= N. This gives a

total length to the group of more than 24° of solar longi-

tude, or fully one hundred and eighty thousand miles.

Its breadth, on the other hand, did not exceed one-fifth of

this at its broadest part.

The tendency of long groups is t'centiiaUy to range

themselves parallel to the solar equator, but it is not at all

uncommon to find streams inclined at a very considerable

angle to it in their earlier days. The present group was
an illustration of the latter relation, being inclined at an
angle of about 15° to the equator, the preceding end of

the group being at the lower latitude.

The total area of the group when fully on the central

meridian, which it took forty-four hours to cross, amounted
to two thousand four hundred millions of square miles.

This stream was not of the type that is usually accom-
panied by magnetic disturbances. Nevertheless, as the

accompanying diagram, which represents the photographic

1 i -f /tf.vV.)

Copy of the Photographic Trace of the Declination Magnet (Royal Observatorj, Greenwich), 1896, Sept. 17d. 17h.—Sept. 19d. Oh.,

G. Civil Time.

the centre of the stream was itself nebulous and ill-defined,

and the regular following spots had broken on their

northern edge into irregular penumbral patches. Thus
though the band had quite lost the waved appearance
which was its characteristic on September 13th, and the
nuclei of the spots all lay towards the median line of
the stream, a faintly spiral formation seemed indicated.

But the chief feature of the group was now the form
and method of segmentation of its separate spots. One type
recurred again and again in many stages, and its form

trace of the declination magnet at the Royal Observatory,
Greenwich, will show, the quiescence of the magnets was
disturbed soon after sundown on September 17th by the

sharp, sudden twitch which is so typical of the commence-
ment of a cosmical magnetic storm. If this trace be
compared with the photographs given in Knowledge for

May, 1892, p. 92, it will be seen that the succeeding
oscillations were of a much milder type than those that

accompanied the giant spot of February, 1892. Yet they

were quite considerable, a wave of 13', which finished
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THE GREAT GROUP OF SUNSPOTS OF SEPTEMBER ioth-22nd. 1896, as Photographed at the Royal
Observatory, Greenwich.

(lii'/irwii'fiil hii peniiixxiuii nf the A^lronomer Jioiial.)

(1. II. III. 8,
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i. TakiMi ISOli, Soptoiiilior 21 11 49 80 G Civil Time.
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abruptly at two hours before midnight, foJlowing the first

significant twitch. Two double waves occurred during the

night, followed by a steady increase at sunrise, and a

series of small but rapid fluctuations which lasted all day.

A strong double wave of 17' occurred soon after sunset,

and the disturbance then gradually died away. In some
parts of England considerable auroral displays were
noticed during the nights of September 17th and 18th.

It is with great regret that we learn, at the time of going

to press, of the sudden death of the distinguished Director

of the Paris Observatory, M. Francois Fti-lix Tisserand, in

his fifty-second year. M. Tisserand had only been in

command of the observatory four years, succeeding to that

post on the death of Admiral Moucbez.

Utttcrs.
[The Editors do not hold themselves responsible for the opinions or

statements of correspondents.]

PEIS5IATIC LUXAE. RAINBOWS.
To the Editors of Knowledge.

SiBs,—On the 21st September, at 7.2G p.m., I noticed a

very fine lunar rainbow. It appeared to be similar to a

solar rainbow, except that it was fainter. The prismatic

colours were distinctly visible. It gradually faded away,
and by 7.41 p m. it had completely disappeared.

I again witnessed a similar phenomenon on the 23rd
September, at 7.30 p.m. The bow was, however, less

bright than on the preceding occasion, but the red and
blue were faintly visible. It had disappeared by 7.33 p.m.

J. M. Wadmore.

To the Editors of Knowledge.

Snts,— On September 20th, at twenty minutes to ten,

I had the opportunity, in company with another, of

witnessing a very beautiful phenomenon.
A dark and massive rain-cloud, which was travelling

rapidly towards the east, was seen to have a peculiarly

vivid prismatic corona on its western edge. The position

of this cloud seemed very much in advance of another thin

cloud of pearly whiteness which was seen to surround
the moon's disc ; the two clouds seemed, nevertheless,

continuous.

This bow was twelve moons' breadth in length, and we
experienced no difficulty in distinguishing the various

colours. The red, green, and blue were seen to best

advantage at the middle of the arch, whilst their inter-

mixture with yellow and violet at each end of the bow
resembled the colours reflected from moonstones or pearly

shells : the violet was innermost, and the sharp boundary
line between it and the shiny white was very beautiful.

The whole phenomenon lasted about four minutes, and
was totally difi'erent from the rather common corona' and
cloud edges seen at this season of the year, and which I

have been watching for some time past.

There were no other clouds in the immediate vicinity of

the moon—indeed, the whole sky seemed at the time
remarkably clear—whilst the dark blue appearance of the

west might have had something to do with the unusual
appearance which I have endeavoured to describe.

The prismatic edges of clouds are generally regarded as

a sign of stormy weather, and judging from what we have
experienced lately the phenomenon which we had the

privilege of watching amply justifies this conclusion.

Portmadoc. W.\lteii Williams, M.B.

PROPER MOTIOX OF CONSTELLATIOX CRSA MAJOR.-

To the Editors of Knowledge.

Sirs,—At the foot of the article on the constellations of

Ursa Major and Ursa Minor which appears in the October

Number of K^o^^xEDGE, it is stated that all the seven

principal stars in the former group have been found to

have a common proper motion. Is this correct ? In

Proctor's " Other Worlds" appears a diagram showing that

a and 17 are travelling in almost the opposite direction

across the line of sight as' compared with the other five.

I believe that the spectroscope also confirms this grouping

as regards their motion in the line of sight. If any recent

observations have tended to contradict Proctor's deduc-

tions, I should be very glad if you would give the informa-

tion in an early issue. L.iWKEscE P>. Tappenden.

[Mr. Tappenden is quite right in taking exception to

N.
?

Anxuai Pbopee lIoTioy.

Mr. Reynolds' statement that "all the seven stars have a

common proper motion through space." As the accom-
panying diagram will show, e and ^ have almost exactly

the same proper motion, and / and 6 are similar in

direction. But the motion of p differs considerably from
that of the four above-named, and a and i; are moving, as

Proctor quite correctly stated, almost in the opposite direc-

tion. It is certain that these two do not belong to the

same system as the other five, and I scarcely think the

evidence warrants us in following Proctor, and asserting

the physical connection of all the five.

The spectroscopic evidence is inconclusive. The Potsdam
results for the motion in the line of sight of thc-se stars

give practically the same motion of approach for /3, y, t, ^,

and •);, and a smaller motion in the same direction for a.

Dr. Huggins found about the same speed for all the five

stars, but found that they were receding from us.

The proper motions adopted in the diagram are those

derived by Prof, .\mvers from his new redaction of

Bradley's observations.—E. Walter Maundeb.]

MACQUEEN'S BUSTARD (Otis Maeqweiti).

Ox October 17th I was walking along the sea-bank at

Easington, Yorkshire, in company with Mr. Eagle Clarke,

the well-known ornithologist, and ilr. Bendelack Hewetson,
Jun. We all at once noticed a large bird flying low over

the fields like an owl, and being pursued by small birds.

It skimmed across a high bank and went down in

a field beyond. We immediately followed it, and on
arriving at the bank crept up to the top and cautiously

looked over. 'L'hero, in the middle of a stubble field, about
one hundred and twenty yards from us, was what we took
to be a great bustard.
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We lay down and watched it with our field glasses. It

seemed i|uite at home, and behaved perfectly naturally.

It strutted about with a stately gait somewhat like a

peacock, and pecked at the ground here and there in an

almost disdainful way. Then it began to dust itself,

drawing in its head and rullliug its feathers, and spreading

wings and tail. We watched it closely for (juite ten

minutes, and were fascinated by its interesting ways,

probably never observed in I'higland by ornithologists

before, for this grand bird was a Macqueen's bustard, and
only the third example which has visited our shores.

Meanwhile two men had come on the scene with guns,

and after a little mauanwring George Edwin Chubbley
shot the bird as his brother Craggs Chubbley put it over

to him. Whilst being followed it never seemed flurried.

When flying, the wings of the bird were a striking black

and white. The long black tufts on the sides of the

neck appeared as black streaks at a distance, and were
very conspicuous as the bird stood in the field.

Macqueen's bustard is a desert-loving species inhabiting

the steppes of Asia, and why it visits us at all is merely a

matter of conjecture, but probably certain young birds

wander far from their course and thus manage to reach
our coasts.

When the feathers of the bird were turned up we found
them to be of a delicate blush pink at the base, contrasting

beautifully with the speckled sandy colour of the bird's

back. The beak is brownish black, the legs and feet

light straw colour, and the eyes very pale straw and very
bright.

The length from beak to tail is twenty-eight and a half

inches, the tarsus four and a half inches, and the flexure

sixteen inches.

The bird was a young male, and its stomach contained
vegetable matter and three beetles.

Mr. .J. Cordeaux and Mr. H. Bendelack Hewetson,
M.R.C.S., arrived on the scene a few minutes after the bird

was shot. Harry F. Witheeby.

NotCces of iSoofts.

Voxometric Berelation : thf Discovery of the Human Voice.

By Alfred Augustus North (Examiner in Music to the New
Zealand Government for thirteen years). Published by
the Authors' and Printers' -Joint Publishing Co. Pp. 20G.
Price 10s. (Jd. (Jf all the problems that vex the soul of the
practical musician those connected with voice production
and development are the most perplexing. The act of

singing is a supremely difficult one to investigate. It is

an unknown combination of physical, physiological, and
psychical phenomena. It is not hard to get at some of

the truth, especially on the physical and physiological
side ; but beyond this there is, it appears, unlimited scope
for speculation and dogmatism. The latest exponent of
an absolutely complete and " scientific " explanation of the
whole art of singing is Mr. A. Augustus North. If we may
believe the author there is really nothing now left for

posterity to discover. The hitherto hidden processes of
nature are revealed for the benefit of the whole race of
mankind. Singing (which must mean fine singing, to be
worth mention) is declared to be a spontaneous and
natural act " incident to all humanity," and not merely
the special gift of the few. " Those who will rightly use
their voices " (/.c, of course, on the voxometric method)
" and follow out faithfully the general conditions in doing
so, hold within themselves the power of commanding
health, strength, happiness, and longevity, and will

assuredly be laying the foundation of a stronger, a finer.

and a more magnificent empire than the world has ener

seen! '

(p. 178).

The " revelation " seems to involve the acceptance of

Dr. A. Wilford Hall's theory that sound is not the result

of vibration, but is an emanation. Mr. North says :

" The human voice, as also every other form of mani-

festation of a cause which we have hitherto been taught to

consider a phenomewin merely, is not produced in any way
according to the general hypotheses on the subject. And
vibration is not the cause of sound, but only an elTect when
sound is made appreciable to mortal conceptions. Sound
is, unquestionably, a living, immaterial, substantial force

in nature" (p. 05). The italics are the author's.

The features of the " revelation," as regards the theory

of voice production, may be summarized as follows :

—

1. There is only one register in the whole voice from top

to bottom. The laryngoscopists, with their head, throat,

chest, upper thin, thick, and lower thick registers, each

the product of special behaviour of the vocal cords, are

entirely and wofully wrong.
2. Full, pure, round tone results from the reciprocal

action of the resonating cavities, not only above the larynx,

but indispensably below the larynx, where the compressed
air echoes and reinforces the tone rebounding from the

hard palate. The pupil is besought continually to " think

of the sternum bone as the sound-reflecting element.'

3. The larynx must always be kept as low in the throat

as possible. It »(/(.s< never he alloired to rise.

4. The speaking voice of civilized people is declared to

be false and unnatural. Voice trainers have erroneously

based their singing training upon this false voice.

5. The vowel " e " (ee) is asserted to be the all-im-

portant voice- training vowel. The vowel "ah," which is

so generally used by trainers, is " a perfect fiend incarnate."

6. It is asserted that a very large majority of the whole
of the civilized race, and especially the inhabitants of the

towns and cities all over the world, are not breathing

naturally.

In some of Mr. North's teaching we find ourselves

in agreement, especially in his pertinacious insistence

that resonance should be the chief study of the singer.

Whether his theories as to how resonance is caused be

right or wrong, there is no question that some of his

practice at least would be beneficial. But we are very

far from recommending the whole "revelation" as a

practicable scheme of voice cultivation. The author,

and those who are assisting him to promote the method,
show great lack of judgment in their plan of campaign.
Thoughtful and earnest enquirers after scientific truth are

repelled by prospectuses that might serve for pills or soap,

lu a matter pre-eminently practical the public cannot be

convinced by a mere book, but by the voice trainer who
presents to us accomplished results. Until this happens
we are compelled to feel, in this, as in many other mundane
affairs, that " man never is but always to be blessed."

Ei'sults of the Stdiiyhurst Meteoroloiiical ami Mat/netical

OhservatioHs for 1895. By Rev. W. Sidgreaves, S.J.,

F.R.A.S. Statements of the instruments used and the

observations made during the year 1895 have come from
several observatories, both British and foreign. This year,

it will be remembered, was noted for its low winter tempera-
ture, and accordingly the Stonyhurst observations show
that on two occasions the year gave a minimum thermometer
reading when compared with the corresponding months of

the previous forty-eight years. One of these occurred on
February 18th, when the thermometer registered 80°, and
the other on October 28th, when the reading was 178^.

An appendix is contributed by Father Dobson on the results

of meteorological observations taken at St. Ignatius College,
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Malta ; and when compared with the preceding twelve

years we asrain find the lowest temperature registered was
34-2°, on February 19th, 1895.

Anjun 'Did Newton: a Realisation. By Lieut.-Colonel

W. Sedgwick. (W. B. Whittingham I'i. Co.) " The universe

is a building put together with materials shaped for

building purposes, so as to tit together in certain positions,

and in certain positions only : but, at the same time, so hard

and solid as to be unbreakable and unalterable under any
conditions which obtain now." The purport of this may
not be quite clear, but that is our misfortune, as Lieut.

-

Colonel Sedgwick's intentions are good, and his style is

pecuharly original.

The isolation of argon and the identification of terres-

trial helium were important, but Lord Kayleigh and Prof.

Ramsay little suspected that their discoveries were just

W'hat Lieut.-Colonel Sedgwick needed to substantiate the

conclusions arrived at in his epoch-making work, " Force

as an Entity." Yet Lieut. -Colonel Sedgwick says they

were, and who would venture to oppose his view ?

We learn that the atom is a sphere with flat places

—

the form of the monovalent atom being a chipped sphere

with one flat place, two for a divalent atom, and so

on. Argon and helium probably have spherical atoms
;

but the inner meaning of this latter characteristic is

only clear to Lieut.-Colonel Sedgwick, and we suppress

our desire to explain their part in the universe m order

to let the words of wisdom appeal directly to our

readers. " We build, indeed, nothing upon argon and
helium," the gallant author writes, " or with them. In

truth, it is their general unsuitability for employment in

any kind of building whatever which makes their support

of so much importance ; though at the same time we
recognize that such unsuitability does not go to the length

of complete inability to form part of any structure what-

ever. . . . Though marked unsuitability for building

purposes is their characteristic feature, it is, from our

point of view, quite possible that they may in some cases

be worked into buildings." To prevent possible miscon-

ception, we have the temerity to add that Lieut. -Colonel

Sedgwick's remarks refer, not to the construction of

merely mundane edifices, but to the building of the

universe. Before the discovery of argon and helium, all

materials were regarded by Lieut.-Colonel Sedgwick as

suitable for his purpose ; but this was not altogether satis-

factory, for his theory called for the existence of materials
" unsuited for building operations," and the two new
elements met this requirement.

Only one thing more remains to be said. The reader

may ask what Newton has to do with the matter '.' Well,

Newton's views on the nature of atoms are practically the

same as Lieut.-Colonel Sedgwick's, but he was not able to

develop them into a proof of the " first cause" ; and it

was left to Lieut.-Colonel Sedgwick to accomplish the

task which Newton assigned to science. " Force as an
Entity," according to Lieut.-Colonel Sedgwick—and who
should know better "?—is " perhaps unique." " Argon and
Newton " is its sequel, and is just as wonderful.

Rowls and Pavements in t'rancf. J5y Alfred Perkins

Rockwell, A.M., Ph. B. (New York: Wiley ^: Sons. London:
Chapman .v; Hall.) Illustrated. This account of the

mode of construction and maintenance of stone roads in

France, where are to be found the most highly educated

and able road engineers in the world, should do something
towards the improvement of our highways. The methods
and practice in one country are not necessarily applicable

to another, but tliere is always something to be learned

from the results of experience ; therefore contractors and

civil engineers will find this contribution to the literature

of road making handy and serviceable.

Moorland Idylls. By Grant Allen. (Chatto c^- WLndus.)
6s. Whatever Mr. Grant AUen writes about natural objects

and scenes is worth reading. He is a pleasant philosopher,

who walks through the beautiful woodlands of Surrey with
his eyes wide open, appreciative of everything that lives

upon them, and with the breadth of mind required to build

up impressions into word pictures which shall be attractive

to all nature lovers. This score of essays may seem trifling

to the student fall of knowledge of idioblasts, epigenesis,

and similar profoimd problems, and critics may take

exception to the anthropomorphism which forms the basis

of most of the observations ; but naturalists who understand
the poetry of nature will find their hearts in unison with
everything in the book.

The Studio. October. Is. monthly. To the stadent
treading the maze of modern art, this publication is at

once an inspiration and a guide. An outcome of decadent
ffistheticism, it gives us the best of the new in art. This
month, the article on " -Japanese Floral Arrangements '

is extremely interesting and useful to all desirous of adding
new beauties to their surroundings. The observations on
the work of C. J. Watson, and the first notice on the
" Arts and Crafts," are sincerely written and well

illustrated. In fact, all the reproductions are as good as

they could possibly be.
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The October Number of Science Progress commences a new series,

having been converted from a monthly magazine to a quarterly, of a
hundred or more pages. Ihe contents of tlu* present number are

decidedly technical, but the subjects are varied and soundly dealt
with. The most prominent articles in the number are " The Natural
History of Igneous Rocks," by Alfred llarker, Jf.V., and "The
Nervous System of Coelcntcra,'' by Prof. Uickson.
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Messrs. Sniitli, Kldor, & Co. liavo in tlio press a work bv llie Rev.
11. \. Ifiiti'tiinsiin, author of " Kxlinct Monsters" nnd otlier works,

entitled " I'reliistorie Man nnd Beast." Sir Ilenrv II. lloMorlli,

M.l'., F.R S . eontribvites a prefaee. Tlio book will be iUiislraterl

with origiiinl drawings by Mr. C'eeil Aldin.
: ^

BIRD MIGRATION IN GREAT BRITAIN AND
IRELAND.

EeIH^RT ok the CllMMITTEE 01' THE BlilTISlI ASSOCIATION.

BIRD migration, although a subject about which
very little is known, has always proved an ex-

tremely fascinating one to ornithologists, and, as

a consequence, a large amount of literature on
the subject has resulted, some of it dealing with

acts, but more often it has been of a speculative character.

The British Association determined to give their careful

attention to the subject, and accordingly a committee was
appointed to investigate the matter. This committee con-

sisted of the following well-known ornithologists :—Prof.

Newton, j\Iessrs. John Cordeaux, .J. A. Harvie-l!rown, K. M.
Barrington, W. Eagle Clarke, and Rev. E. P. Knubley.
By a system of schedules all the birds observed at

two hundred and three lighthouses and lightships round
the coasts of (Ircat Britain and Ireland, from the years

1880-1887, were accurately recorded, as well as the times

and dates of their passing. One hundred thousand records,

culled from several thousand schedules, were thus obtained.

It can easily be imagined what an enormous task it was to

reduce this mass of information to an intelligible form,

so as to make it of real scientific value. This, however,
has now been done by the energy of Mr. W. Eagle Clarke,

and the outcome of his years of labour is the report

which was read at the Liverpool meeting of the British

Association.

I propose here to give a brief summary of this report,

and to extract from it the most salient and important
facts elicited by the inquiry. "The migration of birds,

as observed in the British Islands, is a very complex
phenomenon ; more so, perhaps, than in any other region

of the globe." This may readily be seen. By their

geographical position the British Isles form, not only a

main and much accustomed highway, but convenient
resting quarters for legions of migratory birds, which
annually make a double journey between their northern
summer and their southern winter quarters. Again, we
have a vast bird population of our own, and the majority

of these are purely migratory species, while nearly all are

migratory to a certain extent. We have a further compli-

cation in the fact that our variable climate causes much
irregular migration. Having said so much, to show with
what an extremely complicated but fascinating problem we
are dealing, let us pass on to review it in some detail.

Mr. Clarke has confined himself entirely to facts,

. which are discussed under the following sections

:

geographical, seasonal, and meteorological. It may be
explained here that the terms "immigration" and " emigra-
tion," used below, mean respectively migration to, and
migration from, our shores, while the term " migration"
is used in a general sense.

Geographical.— Intermigrution betireen Britain and
Xorthi'rn Continental F.nropc.—Between Britain and
Northern Continental Europe travel a host of migrants,
which are either birds of passage on, or winter visitors to,

our shores.
" These immigrants and emigrants from and to Northern

Europe, pass and repass between this portion of the

Continent and Britain by crossing the North Sea in

autumn in a south-westerly direction, and in spring in a

north-easterly one, and while the limit to their flight

in the north is the Shetland Islands, that on the south

extends to the coast of Norfolk."
" After arriving on our eastern shores, these immigrants

from the north, some of them after resting for awhile,

move either down the east coast, m mutf for more southern

winter quarters, or, if winter visitors, to their accustomed
haunts in Britain and Ireland."

" The west coasts do not receive itirectly any immigrants
from Continental Europe."

lntermi<iration hetircen tJw South-East CooHt of EMjland
and till' Const of ]]'csti'rn FAirajie, or the East and West lloute.

" During the autumn, day after day, a stream of

migrants, often of great volume, is observed off the coast,

flowing chiefly from the south-east to the north-west at

the more northerly stations, and from east to west at the

southerly ones, across the southernmost waters of the

North Sea These important immigrations set in

during the latter days of September, reach their maximum
in October, and continue at intervals until November."

" It is satisfactory to find decided evidence that the birds

retrace their flight to the north and east along precisely

the same lines as those along which the autumnal southerly

and westerly journeys were performed. Thus in the spring

these birds depart from the same sections of our eastern

seaboard as witnessed their arrival in the autumn
Whether this east to west stream is a branch of one that

passes down the coast of Continental Europe, or whether it

has its source in Central Europe, is a matter of conjecture."

This interesting migration route is one of the discoveries

of the inquiry. Formerly it was thought by some that in

the northern hemisphere there was no migration route

trending north in autumn, or south in spring. So con-

vinced was Mr. Charles Dixon of this, that he actually

founded a laic of dispersal on the supposed fact. The
present enquiry has now abolished this fact, and with it

Mr. Dixon's "plausible" theory. Another remarkable fact

brought to light is that Heligoland and England draw
their migratory hosts from different sources. Herr Giitke,

who has done so much valuable and practical work in

connection with migration in Heligoland, thought that

the birds passing over that island were on their way to

England. Mr. Clarke, however, comes to the conclusion,

by careful comparison between our observations and Herr
Gatke's, that this is not so.

Besides the routes already discussed there are others,

but want of space compels me to pass them over without

comment. They are ;

—

" Intermii/ration beticeen Britain and Faroes, Iceland, and

Greenland : Litermigration bcUreen Great Britain and Ireland

and the South : East Coast of Great Britain ; West Coast of'

Great Britain : Irish Coasts : South Coast of England :

Channel Islands."

We now come to the seasonal section of the report.

"In the autumn the birds, when they appear on our

shores, have accomplished the great business of the year-
procreation. Food is still abundant in their favourite

resting haunts, and hence there is no particular hurry to

move southwards. Thus many species tarry on our coasts

or in their vicinity, some for a considerable period. Their

numbers are, of course, incomparably greater than during

the northward journey, as they are swelled by the

numerous young birds, now a few weeks old. All these

circumstances and conditions combine to make the autumn
movements comparatively easy of observation."

" In spring the all-absorbing duties of the season and

the procreative influence are upon the voyagers, and the

birds usually hurry on after a short sojourn for rest and

food only. Thus the spring movements do not afford

much facility or opportunity for observation,"
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Autumn Immiyration.—Birds which have migrated north
for the summer, seem to begin to return south towards the
end of July, when a few reach our shores. Immigration
does not set in in earnest, however, until Augu3t, while in

September it increases, and in October the Hood of

migratory birds reaches its highest level, and there are

experienced those vast "rushes" upon our shores so

often described "The immigratory movements
occurring iu November are not only on a very much reduced
scale, but after the middle of the month the immigration of
such birds as spend the summer in the north entirelij ceases,

with the exception of those of certain marine species (duck,
gulls, grebes, swans), whose late movements to the south
are dependent upon severe weather conditions. This is

entirely contrary to the views hitherto propounded regard-
ing the limits of the^e movements, but it is, nevertheless,

a fact well established by this inquiry."

Except that they do not begin until the end of September,
the immigration from the west by the east and west route
nearly coincides with that from the north.

'• Daring immigration our shores are reached during
the late night or early morning on the part of migrants
from the north. On the contrary, the immigratory move-
ments from the east, across the narrows of the North Sea,

appear to be performed during the daytime."
Autumn Emiijration.—A tew of our summer visitors

leave us in July {e.g., swifts and adult cuckoos). In
August emigration increases, while " September witnesses
the height and close of the emigration of the bulk of the
smaller British summer visitors. The movements of fony-
two of these emigrants appear in the records for the month

;

whi)e those of the partial migrants are also considerable,

over forty species being recorded The October
emigrants among the summer birds are not numerous.
The partial migrants, on the other hand, are much on the

move." These movements of partial migrants are often

pronounced, and " rushes " are recoided during October,

but they cease by or during the first half of November. A
partial migrant is a bird which, although it may be

sedentary in our islands as a species, yet many individuals

of the species are strictly migratory. Tlius many birds,

such as the thruah, blackbird, robin, leave us in the

autumn, and their places are taken by Continental in-

dividuals, and so we do not miss them.
Winter movements are of a very different nature, and

are entirely due to a fall in temperature, as is proved by
the fact that " in mild winters the only movements
recorded are a few local migrations, which strictly coincide

with the occasional periods of cold from which hardly any
season is entirely exempt."

Sprimi Immiiiration.—The first bird-harbingers of spring

are recorded for February, and a considerable number
return in March. During both these months, however,
but few summer visitors appear, the immigrants being
chiefly partial migrants, "which had fled the country
through the winter cold." "April is a month of pronounced
immigration on the part of summer visitors. In con-

nection with the arrival of these earliest immigrants
among our summer visitors during March or April, a
remarlsable and interesting fact reiiiaius to bo mentioned

—

namely, that the great majority of these birds are recorded
first lor the south-western area of the British region—the

south-west coast of Eugland and Ireland. It thus seenn
probable that the first arrival of the spring migrants not
unnaturally occurs oq tiiosa parts of our isles which are

the warmest so early in the season." During May the

stream flows on, while "during the first half of June
several species whose breeding range extends to tbe

Polar regions, appear in considerable numbers on our

shores on their way to the far north ; a few appear even
still later. In connection with the spring immigration,

it has to be remarked that the observations are all in

fivour of the theory that the earliest arrivals among the

summer visitors to our islands are British-breeding birds,

'

and that tbe " miicrants bound for the north are the last of

their kind to appear in the British area."

Sprimj Emi'iratiiin.—Birds that have wintered with us,

or further south, begin to leave our shores in February.
" The chief emigratory movements of this month are the

departure of larks and rooks along the east and west route

to the Continent. During March these south-easterly

movements become more pronounced, and emigration for

the north also commences. During April and May,
emigration is in full swing, and even in June a few birds

leave us for their northern breeding stations.

Meteorological.—Special attention has been bestowed

upon this section of the report, since the actual relation-

ships between migrational and meteorological phenomena
have not hitherto received the attention they deserve.

The daily weather reports for Western Europe Lave been
closely studied in connection with migration. Ordinary
weather has no influence on migration. Extraordinary

weather may influence bird migration in two ways. It

" may act either (1) as barriers to the ordinary movements,
or (2) in diametrically the opposite direction as incentives

to great movements or ' rushes," aa they have been
termed."

During a cyclonic spell, a weather barrier "dams back,

as it were," the ordinary seasonal migratory stream.

The formation of an anti-cyclone removes the cyclonic

weather barrier, and so releases tbe flood of migration.
" Tbe movements just described take place when gentle

pressure-gradients bridge, as it were, the North Sea with

fine weather between Scandinavia and Britain. Such an
extension, however, of the favourable conditions does not

always prevail for the entire journey—that is to say, they

do not always reach to the British side of the North Sea.

Indeed, it not unfrequently happens that the birds reach

our shores under more or less unfavourable weather con-

ditions. When such is the case the immigrants arrive in

Britain in a correspondingly exhausted condition, and, no
doubt, many sometimes perish during thejourney."

There are other meteorological conditions to be con-

sidered iu connection with the subject. Outbursts of

ungenial weather in summer or winter often produce

migration, but this form of migration is only of a partial

kind. It is iu early autumn and early spring that migra-

tion is hastened or held back by extraordinary weather.
" Winds.—The importance attached to winds in con-

nection with bird migration has hitherto been much over-

estimated by popular writers, and their influence, such as

it is, mi-understood. " The conclusions to be drawn
from a careful study of the subject are: (l)that the

direction of the wind has no influence whatever us an
incentive to mitirntum : but that (2) its force is certainly

an important factor, inasmuch as it may make migration

an impossibility, arrest to a greater or lesser degree its

progress, or even blow birds out of their course

It is, however, a fact that particular winds almost in-

variably prevail during the great autumnal movements, and
these have hitherto been considered by some as the direct

incentives to such migrations. Such is not the Cise, and
it may be at once stated that these supposed favourable

breezes are simply another direct result of the pressure

distribution favourable to the movements."
In conclusion, I may say that Mr. Eagle Clarke's report

is merely a summary of the results obtained with regard

to migration as a whole. For this the author deserves the
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heartiest thanks from every ornithologist in the land.

There yet remains a vast amount of information to be

culled from tlio schedules so carefully and keenly kc\it by
the lighthouse and lightship keepers. We hope, and
indeed believe, that Mr. (Uarke is going to continue his

labours ; and in the near future, when he has worked out the

migration phases of individual species, we may look lor a

monumental and trustworthy account of the fascinating

subject of the migration of birds in the British Islands.

Harry F. Witherhv.

,'^Co))it'9 of till' ]{i')iort on Binl Mijinitiiiii can bo obtiiined iit tlii>

British .Vstociiition, Burlington House, London, price (Jd.J

FORECASTING BY CURVES.
By Alex. ]>. MacDowall, j\[.A.

THERE are some curves of social data which, ex-

tending through a series of years, are approxi-

mately straight lines. There are others not so

regular, but the general course of which, after

some smoothing or averaging process has been
applied, is shown to be approximately a straight line.

One is tempted to extend such curves in the same direction,

by way of seeing what may happen in the future.

I propose to apply this rough-and-ready method of

forecasting to such unlike things as the following :

—

Lunacy, the army death rate, coal mine explosions, acreage

under crops, illiteracy, and suicide.

6
.2
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is a remarkable feature of our time. In d we have a curve

showing how the arable land has diminished since 187tJ.

This curve goes down steadily from about eighteen to

sixteen million acres. The reduction of wheat-growing

alone accounts for most of the loss. Let us extend the

curve. By the middle of next century we get to about

one-half of the initial acreage. But, of course, " much
may happen before then." In curve rf^ is represented

the growth of ''permanent pasture.' Some care is

required in its interpretation ; but we need not here stop

to explain.

We have made rapid strides of late in national education,

and the number of those persons who take up the respon-

sibilities of matrimony without being able to write their

own names is now small and dwindling. Here we have a

pretty straight curve (•/), showing the annual numbers of

men in one thousand marriages in England who. signed

the register by mark (from 1855 to 1894) ; from two
hundred and eighty-eight it descends to forty-sis. Extend-

iug, we come to zero about the beginning of next century.

From this and other signs we seem to be getting within

sight of universal education (or what may be called so) :

that millennium in which (by prospectus) we were all to

have become virtuous and happy I

Ireland is, of course, behind us in the matter of education.

The curve ;' indicates the percentage of persons five years

old and upwards who could neither read nor write in the

census years 1851, 1861, etc. Its general course conducts

us to zero about 1915, when, it may be hoped, illiteracy

should be approximately extinct.

These signs of progress are, no doubt, gratifying, so far.

But there is '• another side to the shield." Let us look at

the death rate of suicide in England. The figures are here

(<') smoothed with averages of ten. Note the rapid rise.

In 1860 the rate was sixty per million persons Uving ; in

1894 it was ninety-one I

Following the general course of the smoothed curve as

extended, we come to a rate of one hundred about 1910.

Is it not a startling comment on our civilization that so

many persons (about fifty-two a week in England, and nine

a week in London at present) elect to have done wich it

by putting out the light of their earthly life !

SOME CURIOUS FACTS IN PLANT
DISTRIBUTION.-V.

By W. BoTTiN.; Hemsley, F.R.S.

I

WILL conclude my remarks on insular floras with a

brief account of the flora of the British Islands,

which will, perhaps, be more easily followed by the

majority of readers, because popular names can be

introduced more freely. Persons who have visited

adjacent parts of the Continent will have noticed nothing

strikingly difl'erent in the vegetation in localities where it

is least ati'ected by cultivation ; that is to say, where it has

been least disturbed by man. The aspect of the vegetation

may be very different in some districts, consequent on the

extensive planting of certain kinds of trees—the Lombardy
poplar in the North of France, for example ; but the wild

flowers and the weeds of cultivation are much the same,

according to soil, situation, and elevation. This indicates

a recent connection, geologically, with the Continent, and
convincing evidence is not wanting to establish the fact.

The British flora is only a fragment of a flora whose

elements have a very wide range ; wider, indeed, than any
other. A large proportion of the species extend across

Northern Asia to the Pacific, and many are spread all

round the northern hemisphere. This applies more
especially to those inhabiting the colder parts of tbe

kingdom, but by no means exclusively, as I shall presently

show. A few recur in the mountains of tropical Asia,

Africa, and America, and some, as I have already pointed

out, reach the southern limits of vegetation. Coming to

the genera, a very large number of them are of worldwide
distribution. For example, the buttercup genus [Hanun-
ciilux), the willow-herb genus {EjiHohium), the speedwell

genus (\'eronif(i), and the sundew genus (Drosera), belong

to this category ; and each is represented in New
Zealand by a much larger number of species than it is in

our own country. But before giving further examples of

distribution I will give a few comparative statistics bearing

on the composition and extent of the British flora.

Excluding the so-called critical species—that is to say,

species founded on very slight differential characters—of

such genera as Riitnis (brambles i, Bosn, and Hieracium
(hawkweeds), the number of species of flowering plants

and ferns native of the British Islands is less than
fifteen hundred, belonging to about five hundred and forty

genera and ninety-seven natural orders. The number of

natural orders, or families, as they are sometimes termed,

in the whole world is about two hundred and ten, so that

nearly half of them are represented in this very small

area. The total number of genera and species in the

whole world is not so easily calculated : but approximately
the former amount to between eight thousand and ten

thousand, and the latter to between one hundred thousand
and one hundred and twenty thousand.' The differences

between the highest and lowest of each of these respective

totals in a way represents the diversity of opinion among
botanists as to the degree to which subdivision should be

carried. Further, I may explain, this diversity of opinion

is due to the fact that vegetable organisms, as well as

animal, are not mathematically definable quantities, but

a series or chain of beings, ranging from microscopic

one- celled individuals to the most complex and highly

organized members of the whole system. Some of the

orders, genera, and species of this system are so distinct

from their nearest allies as to be easily defined, suggesting

the extinction of connecting links ; whilst in other parts

of the system the gradations are so slight and the relation-

ships so complex that their classification is necessarily, to

a greater or less extent, artificial and arbitrary.

I have already alluded to the cosmopolitan character

of the genera of British plants and the wide range of

many of the species, and I will now give some further

illustrations of these facts. In the first place there is not
a single genus peculiar to the islands, nor even one well-

defined species ; I mean an easily recognized species such
as the daisy or dandelion, and like them easily distinguished

from their nearest allies in the native flora. .\ score or

two of critical species have been founded on British

specimens, and they have not been actually identified with
Continental forms : but it does not follow that they do
not exist on the Continent.

Before going further I ought to explain that my remarks
refer to the natural distribution of plants as distinguished

from colonization consequent on their introduction through
human agency. A person going from England to the
United States or Canada would see numbers of our corn-

field and roadside weeds, apparently as much at home
there as here ; but there is good evidence that they were
introduced accidentally or intentionally by man, though

* It should be borne in mind that these numben do not include
till" i'\rredingly niuuorous mosses, seawoeds, funguses, and other low
oi'ganisuis.
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they are now spread all across that vast continent, from
Atlantic to Pacifii-. At the Cape of Good Hope, in New
Zealand and Australia, the same plants have established
themselves. But besides these comparatively modern
emigrants, the Canadian flora, for example, includes amont,'

its aboriginal plants such familiar ones as the wood-
auemone, water-crowfoot, ladies'-smock, scurvy-grass,
wood-sorrel, purple avens, strawberry, agrimony, sundew,
willow-herb, valerian, harebell, wliortleberry, crowberry,
cranberry, sea-lavender, thrift, and scores of others, to say
nothing of closely allied species of other genera. Some of

these plants may be commoner there ; others here. Of
course the aspect of the vegetation of a locality depends
upon the predominating species, and varies, according to

physical conditions, in places contiguous to each other; the

change often being very abrupt.
In a former paper I mentioned the recurrence of the

crowberry {I-'inpctrum) in tb.e southern hemisphere. As
already stated, many northern plants reach the southern
hemisphere, but they usually inhabit suitable intermediate
localities, Lncluding the mountains of the tropics. Isolated

localities of other northern plants in the south are occupied
by the bird's-eye primrose (Priwula farinosa)—or a species

so near it as to render the fact equally remarkable—at Cape
Horn and the Falkland Islands ; and by the lady's-mantle
[AkJicwilla ruhjorix) in the Australian Alps. A parallel is

offered by the existence of the long-leaved sundew {Prosera

lonfjifolia) on the mountains of the remote Sandwich
Islands.

The first botanical explorers of the peaks of Fernando
Po, St. Thomas Island, and the Cameroous in western
tropical Africa, discovered ijuite a large colony of Euro-
pean (chiefly liritish) plants, associated with types more
peculiarly African. Thirty-eight out of the fifty-six genera
collected are common to Britain, and upwards of twenty
species. Among the latter are the sanicle (SanicuJa

riiropiva), the navelwort (Coti/Mon rmhilicus), the devil's-

bit scabious {Scnbiosa snccisti'), the common goose-grass or

cleavers [(JaliKm nparine), and such comparatively rare

little plants as SihlJiorpia cnropn'a and Liiiio^ilUi (Kjuatica.

Now a few particulars concerning some of the trees of

the British Islands. We have one species of oak (of which
there are several more or less distinct varieties), one species

of beech, one of ash, one each of alder, elm, hornbeam,
holly, yew, fir, and so on. Of willows there are two large

arboreous kinds, besides several that are large shrubs or
small trees. The distribution of the British species of

these trees, as well as the distribution and development of

the genera to which they belong, outside of Britain, is

exceedingly interesting. The British oak ((,'uerciis Ii'nlmr),

for instance, is spread nearly all over Europe, almost from
the Arctic Circle to the Mediterranean, and it extends to

Asia Minor ; so that we have no right to regard it as

specially British. In this wide area it varies considerably,
and one of the most striking varieties is found in the
Pyrenees. It so closely resembles the Lombardy poplar
as to be easily mistaken for it at a short distance. There
are trees of it in Kew Gardens.

But our oak is only one out of at least three hundred
species of ijtiercus spread over Europe, Asia, and North
America, extending southward in America almost to the
Equator, and in Eastern Asia through the Malay Archi-
pelago to New (iuinea, the only part in which the genus
reaches the southern hemisphere. ' In Africa oaks occur
only in the countries bordering the Mediterranean. The

* In the Kew Herbarium there is a lealloss branch, bearing male
flowers, wliicli are exactly those of an oak. The spccimeu is from
the Pilcomayo River, between Paraguay and Argentina.

variety of foliage and fruit exhibited by this long array

of species is surprising, and they are not less beautiful

than varied. Imagine an oik with glossy, shining leaves

eighteen inches in length, and elegant acorns three to four

inches across !

The distribution of beech trees (Fniinx) is very dilTorent,

the greatest concentration of species being in the southern
hemisphere, where, in the extreme south of America, in

New Zealand, in Tasmania, and in the mountains of

South-Eastern Australia, they form large forests. In
New Zealand, where there is the greatest development,
they are universally called birch trees.

Willows {Sali.f) are specially numerous in north
temperate and cold regions, and about twenty small
shrubby species are found within the Arctic Circle, forming
a good part of the woody vegetation. But willows are not
restricted to the regions named ; they are also found in

hot and dry regions, and, curiously enough, they inhabit

just those countries in which there are no oaks. In
America there is one species which ranges from North
Mexico, through Central America and the West Indies, to

Chili and Argentina. In Africa there are several species,

one being common on the banks of the Garlep or Orauge
Eiver and elsewhere in South Africa. In Asia, willows arc

not found south of the Malay Peninsula, where, however,
one species descends the rivers to the tidal forests of tropical

Pegu and Tenasserim. The genus is altogether unrepresented
in the Malay Archipelago, Polynesia, and New Zealand.
Our holly (//<.(), again, is one species out of about

one hundred and fifty belonging to the genus. It has a
wide range in Europe, from Southern Scandinavia to the
Mediterranean, and eastward to the Caucasus. The genus
is widely spread in warm and temperate countries, though
rare in Africa and Australia, and not reaching New
Zealand. In China and Japan hollies are numerous,
there being about fifteen species in the latter country.

The mention of Japan suggests a few comparisocs
between the floras of the British and Japanese Islands.

Similarly situated with regard to the nearest continent,

though in a considerably lower latitude, Japan enjoys

about the same average winter temperature as England,
with a higher summer temperature. The approximate
number of species of flowering plants and ferns in-

three thousand, or double that of

1 have mentioned that there is a

stretching from the Atlantic across

to the Pacific, in which a large

percentage of the plants are specifically the same. China
Proper and Japan lie just without this zone, though it is

true that a considerable number of species are common
to those countries and Britain ; but they are lost among
the very numerous species peculiar to the region. Upwards
of forty per cent, of the species are peculiar to Japan,
besides a number of genera. Instead of one species of each
of the various kinds of forest trees, it has twenty-two
species of oak, as many of maple, fifteen hollies, fifteen

pines and firs, six birches, four hornbeams, four alders, and
three elms, to say nothing of a host of others belonging

to natural orders not represented in the British Islands.

There is also an abundance of shrubs and trees, both
evergreen and deciduous, which bear showy flowers ; and
the herbaceous plants, taken as a whole, are more
brilliantly coloured than our own. Fortunately our climate,

with all its faults, is favourable to the development of

many of the ornamental plants of the Far East. I need
only mention such genera as PiivniVi, Aster, Chiymntlwmwn,
Clematis, Berberls, Aiicuha, Wistaria, Vamdlia, Maijiiolia,

and the numerous evergreen members of the cypress and
fir family.

habiting Japan is

the British Islands,

zone of vegetation

Europe and Asia
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THE LEAF-CUTTING BEE.

By Francis M. Duncan.

THE leaf-cutting bee (Meijachile rentunnilari^) is by
no means a remarkable looking insect, and from

its bumble exterior no one would imagine it to be

gifted with a higb sense of intelligence ; it does,

bowever, display a surprising amount of ingenuity

in the construction of the cells in which it places its eggs.

These bees are black in colour, with reddish hairs on

the thorax, and white down upon the head. They are

somewhat smaller than the hive bee, and are to be seen

in most gardens during the summer months busily

engaged cutting rose-leaves with their strong four-toothed

mandibles.

The bee burrows a hole in the ground or in decaying

wood, forming a tunnel in which to place the cells ; it then

flies away to the neighbouring rose-bushes, and, selecting

a leaf, cuts a portion from it, which it carefully rolls up

and flies off with to the burrow. This mano'uvre is

repeated several times, until ten or twelve pieces have

been cut ; the bee then enters the tunnel, and begins to

twist and fold the leaves, making them fit together into a

sort of funnel-shaped cone, something like a thimble. So
perfectly are these cells constructed, that they may be re-

moved from the burrow without falling to pieces, although

the leaves of which they are made are neither sewn or

gummed together.

As soon as the cell is finished, the bee proceeds to make
a cake of honey and pollen, on which the future inhabitant

will live. It then lays an egg beside the cake, and H ies off to

find another leaf wherewith to close the entrance of the cell.

A circular piece is cut from a leaf, and the bee flies

home with it, and so nicely has this little circle been cut

that it exactly fits the opening, into which the bee pushes

it, closing the cell completely. So that there may be no
fear of any honey leaking out, the bee flies ofl' again and
cuts two more circular pieces from the rose-bush, which it

fixes securely over the first one. When this cell is finished

a second is constructed which joins the first, so eight or

ten cells are usually to be found together in one burrow.

When all is finished the leaf-cutter closes the perpendicular

shaft leading to the burrow and llies away.
The larva, when full grown, spins a silken cocoon within

and united to the sides of the cell.

The illustration shows the nest of a leaf-cutting bee

found in the decayed wood of an old gatepost ; one of the

cells has been placed in an upright position to show its

compact and thimble-like form.

WAVES.-XI.
THE SEA OF ETHEE.

By Vaughan Cornish, M.Sc.

FAR
away in the ether the sun is a storm centre,

ever creating waves which beat upon the earth

as the waves of ocean beat upon our coasts.

The much-soimding sea is silent save where the

billows break; so, too, the ocean of ether is cold and

dark, but its waves give light and heat when they beat

upon the earth.

A mirror shining in the sun gives back his light and

gets but little warmth. The dark, rough surface of the

soil, which gives back Uttle light, grows warm in the sun's

rays. The mirror, like the vertical face of a stone pier

built out into deep water, prevents the waves from

breaking and reflects them back upon their path. A dark

surface acts like the dead resistance of the beach, absorbing

nearly all the energy of the waves and giving but little

back. The energy which was in the wave, changed in

form, becomes the warmth of the dark body. In the ether

the wave travels smoothly on, each part of the elastic

medium taking up the motion as the pulse arrives, and in

one complete swing passing on all the energy to the next

part, returning itself to rest—ready, however, to take up

the motion of the next oncoming pulse. The wave-length

of light is simply the distance between two pulses ; there

is no physical connection due to lagging of energy behind

the wave as in the wind waves of the sea, and if the sua

be screened or a flame be extinguished the ether does not

glow.

If the pulses of ether follow one another somewhat
slowly, they excite our eyes so as to produce the sensation

of redness. If the pulses succeed each other more and

more quickly, the sensations are those of yellow, green,

blue, and violet. If the pulses follow one another at still

shorter intervals, the light passes slowly into darkness.

So, also, sound pulses succeeding one another too quickly

are not heard. Our organs of sense, " beautifully

delicate," as we like to call tliem, are too coarse to detect

the minuter ripplings of air or ether ; neither does the

scope of our vision enable us to detect those pulses of

ether which follow each other at comparatively great

distance, any more than the eye can distinguish the long,

flat billow which we call the flood tide. The widely

separated pulses of ether are, however, detected by their

warming power. The pulses of ether which succeed one

another more rapidly have generally httle warming

power, their energy being comparatively small. The
effects they produce resemble those of rapid tremors or

jarring. They shake things to pieces—not big things

which swing slowly, but such things as molecules, which

vibrate in about the same time as the interval between

two pulses.

It seems that every body of which we know anything

—

at any temperature which we have ever reached— is always

disturbing the atmosphere of ether in which all things

are immersed : for every body is warmed by the mere

neighbourhood of a warmer body. This occurs even when
the warmer body is nearly at the lowest temperature of

• The evidence of nn etlu-r is dealt with in Chapter XIII. of my
"Short Stiulioi in Plivsioal Si-ienco."



260 KNOWLEDGE. [November 2, 1896.

artificial cold. No heat, however, travels ; what travels is

a wave which, beating' upon the colder body, warms it.

It is not to bo thought that the mere neif,'libourhood of a
colder body causes waves to start from the hotter ; one
must suppose rather that the action is always going on,

but that the warming effects only become sensible when
one body is colder than the other. Tlie effect, too, i^

reciproi;al, for the hotter body is cooled when a colder is

in its neighbourhood. It is almost obvious that a bojy
cannot go on miking waves which carry energy through
the eth >r without itself losing energy. In the neighbour-
hood of a similar but colder body the hotter loses more
energy than it receives from the colder until their tem-
peratures become equal, when the waves which they
mutually emit and absorb are of equal heating value and
there is no further change of temperature. Thus, as long
as a body has any heat at all, as long as the molecular
parts are dancing (whether rhythmically or with jostling),

the body sends out ether waves. When the temperature
of the body is being raised, vibrations of greater rapidity

are set up, while the slower movements do not die, but,

on the contrary, increase in amplitude as more energy is

put into the body. The slower movements begin first,

and at any given time theirs is the greater part of the
energy which the body possesses in virtue of its tempera-
ture. This is why the production of an intensely bright

light always involves the expenditure of so much energy.
The brightest rays, which have little energy, will only come
after the others have been produced, and they are also the

first to die out.

As the slow succeeding pulses of ether emitted by a hot
body have more energy than the others, and as all the

pulses traverse ether at the same rate, one must coQclude
that the amplitude of the vibrations of the ether is greater

in the case of the slower pulses, much as in a storm those
waves whose crests are most widely separated are also

higher from trough to crest than the shorter waves which
have been formed later. The vibration in ether is different,

and is kept up in a different way from the swing of the
water in the waves of the sea. The free undulation in

water is maintained by mutual attraction between the

water and the earth, and by the inertia of the water,

which causes it in each half-swing to pass the position of

equilibrium. There are, however, other kinds of waves
in fluids which seem more nearly to resemble the ether
waves in the mechanism of vibration, namely, the elastic

waves, such as sound waves, which, when once set up,

run freely by the mutual action of the pirts of the
fluid. The particles jump forward a little way, forcing

themselves m between the particles in front. They
produce thus a compressed layer, which in its turn
compresses the next layer by a similar action, itself

quickly recovering from the pressure by the spring-back of

the particles. The loudness of a sound depends upoQ the
amount of compression, or upon the difference of pressure

between the condensed and the rarefied part. Amplitude in

the case of sound means, therefore, the amount of a c im-
pression, not the length of the excursion of a vibrating

particle. There is, again, another kind of elastic wave—for

there is an elasticity of shape as well as an elasticity of

volume. Fluids offer an elastic resistance to change of

volume, and can therefore transmit a wave of compression
or of rarefaction ; but change of shape calls out no elastic

resistance in fluids. It is otherwise with solids, which
spring back if de-formed and vibrate elastically, the shape
of the solid going through a repeating series of changes
of form, the vibrations diminishing quickly or slowly
according as the solid is more or less viscous. This kind
of vibration is transmitted by solids in the manner of a

wave, as the following example shows. Let a long wire
or cord be hung vertically, the upper end being forcibly

clamped so that it cannot move, and a weight being
attached to the lower end so as to keep the wire taut.

If the weight—that is to say, the lower end of the wire—be
twisted, each part of the wire follows the twist. If the
substance be very rigid (as iron, for instance) the longi-

tudinal transmission of the effect of the twist is very
rapid. With a less rigid body—say, an india-rubber cord

—

the parts lag more behind. If, now, the end of the wire or
cord be let go the end untwists, twists up again in the
reverse direction, untwists again, and so on for a longer or
shorter time according as the body is less or more viscous.

In twisting or in untwisting each part of the wire is a
certain definite time behind the lower end, for the effect is

transmitted from point to point at a definite speed which
is constant for each substance, and is the rata of trans-

mission of a wave of transverse displacement in that

substance. The rata is greater in more rigid bodies, for

rigidity is the transmitting force, but is diminished by
greater density, for the miss to be moved is proportional to

the density.

Dismissing as inapplicable the case of waves, such as

those of the sea, which run by attraction to an external

body, we have to enquire whether ether waves, such as

produce the sensation of light, are elastic waves of longi-

tudinal displacement (like sound waves) or of transverse

displacement, or whether they are of both kinds '? The
fundamental experiment which shows that light is pro-

duced by waves is that of interference. If the light from
a point reach a screen by two paths of slightly different

length, a series of light and dark bands is produced upon
the screen where the rays overlap. This shows that two
portions of light may either give a double illumination or

no illumination, according to the difference of the distances

traversed by the two rays from their common starting

point. Where the vibrations of the ether are in the same
phase of motion the amount of motion is doubled, giving

increased illumination; where the vibrations are in opposite

phases there is no illumination. Longitudinal waves are

always capable of interference, but two parallel or coin-

cident waves of transverse displacement, of which the

vibrations are in (fixed) directions at right angles to one
another, could not interfere so as to give diminished
motion {i.e., dark binds), for no part of the motion of

vibration in one ray is at all in the direction of the

vibrations of the other. This case of non-interference has
been shown to occur in ether waves when subjected to the

treatment called "polarization." It is therefore concluded

that the waves of ether, which give heating, lighting, and
chemical effects, are waves of transverse displacement,

whence follows the corollary that ether resembles a solid

in possessing rigidity. The enormous velocity of light

waves, which is thousands of times greater than the rate

at which ordinary solids transmit wave motion, shows that

the rigidity of ether is extremely great in proportion to its

density.

The intensity of light in a vacuum diminishes with the

square of the distance from a luminous point which is

radiating in all directions. Now the wave front in such a

case is a spherical shell whose centre is the luminous point.

The area of surface of the shell increases as the square of

the radius, hence it follows that the total illuminating

effect over the whole surface of the shell is always the

same whatever be its radius ; or, in other words, light

travels through ether without loss. This shows, within

the limits of experimental error, that ether is perfectly free

from viscosity, the wave motion undergoing no diminution

through any sort of frictional resistance. The energy



November 2, 1896.] KNOWLEDGE. 261

wbich sets out from the sun on its journey to the earth is

passed on to us intact, no part, apparently, being held back

from us by the ether.

The ether is all-pervading as well as all-encompassing,

for ethereal wave motions are passed on through solids and
liquids at a velocity far exceeding that proper to the

elasticity of the substances themselves. This is readily

shown in the case of bodies transparent to light, and can

also be shown by special devices in the case of bodies

transparent to the longer waves, which are detected by

their heating efifect. Other bodies which cannot be pene-

trated by these means are transparent to the very long

waves produced by electric surgings. That the medium
which transmits electric waves is the same as that which
transmits illuminating rays is inferred from the fact that

the velocity of electric waves is the same as the velocity of

light. Moreover, electric waves can be polarized, showing
that they are waves of transverse displacement.

No evidence has been obtained of the transmission of

longitudinal waves in ether, from which it seems that

ether is incompressible, or nearly so. Were it otherwise

one would expect to get compression waves of ether when
light is reflected.

The use of lenses is to modify the wave front of lighting

waves. Tbeir transmission is slower in glass than in air,

the ether in a sol'd being weighted or clogged, or else

having its stiffness relaxed. Light which passes through

the thick part of a lens is retarded more than that which

passes through the thin part, and the wave which emerges

from a convex lens has therefore a concave front. The
area of the wave front consequently contracts to a point

at a certain distance from the hns, and here the amplitude

of the wave, and consequently the illuminating effect, is

enormously increased.

The mode of vibration of the ether in the plane at right

angles to the direction of propagation of the wave cannot

properly be said to be knon-n, for we are ignorant of the

ultimate constitution of ether. There is no doubt, however,

that the motions are siiccrssfidhj irjn-i'si'nftil by the ordinary

wave theory of light, which assumes a mechanical dis-

placement such as occurs m the vibrations of the rigid

sorts of molecular matter. According to the wave theory

of light, the ether receives from a glowing solid, motions

which vary from instant to instant. There is no regularity

in the succession of these motions, owing to the confused

jostling of the particles of the heated solid. Consequently,

if we consider the vibrations in a fixed plane cutting the

ray of light at right angles, the excursions of the ether

particles in successive instants undergo such permutations

as the following. At the first instant the particle is

moving clockwise in a circular orbit. This changes to an
ellipse of constantly increasing eccentricity, which presently

closes up till it becomes a straight line. At this moment
the particle has the rectilinear harmonic motion which
best satisfies the ordinary conception of a " vibration."

Presently, however, the line opens out into an ellipse, in

which the motion may be counter-clockwise, and this

broadens out into a circle with counter-clockwise motion
which closes up again, and so on through the whole round
of changes. This is ordinary light. If the orbit of the

ether particle be fixed, we have polarized light. A
polarized ray excites in the eye the ordinary sensation of

light, but the interaction of rays of polarized light is

distinct from the interaction between rays of ordinary

light.

Suppose ordinary light to pass perpendicularly through

a slice of a non-isotropic crystal cut paralKl to a plane

which contains two axts of diilbrcnt elasticity. Any force

acting in a direction other than that of an axis can-

not set up a vibration in such direction, for the force

of restitution does not act in the direction of displacement.

The motion is therefore resolved in the directions of the

two axes, and two waves are propagated independently

through the crystal, the vibration in one being a simple

harmonic motion in the direction of the first axis, and in

the other a similar motion in the direction of the other

axis. Each ray in the crystal is a ray of rectilinearly

polarized light. If one ray be stopped in its passage

through the crystal, the other, on emergence, gives us a

ray of rectilinearly polarized light travelling in air, the

direction of vibration remaining after emergence just as it

was fixed in the crystal. If another slice of crystal,

similarly prepared so that only light vibrating in the

direction of the one axis can pass, be placed in the path of

the ray emerging from the first crystal, then, if the position

of the second slice be similar to that of the first, the ray

passes freely through. If the second slice be then rotated

about the axis of the ray, less and less light passes through,

until, when the slice has been rotated through a right

angle, the light is completely stopped.

If both the rectilinearly polarized rays be allowed to

emerge from a slice of crystal, they may compound
together to produce a ray of elliptically or circularly

polarized light. In this the excursion of the ether particle

is a circle or ellipse in which the particle follows a fixed

orbit.

In such waves of light the motion of the particle

resembles the motion of the particle in a water wave,

except that the plane of motion is at right angles to the

direction in which the wave travels.

THE LIVERPOOL MEETING OF THE BRITISH

ASSOCIATION.

LIVERPOOL is not an ideal city from an irsthetic

point of view, but a considerable amount of scien-

tific work has been carried on there in the past,

and its University College is a great centre of

"light and leadi ig," with a professoriate of world-

wide renown, actively engaged in the advancement of

knowledge. The sixty-sixth annual meeting of the liritish

Association could hardly be anything else but a success

when held in a town owning so many men of scientific

eminence. So far as numbers go, the meeting ranks high
in the history of the Association. The largest meeting
was held in JIanchester in 1878, the total then being three

thousand eight hundred and thirty-eight ; Newcastle comes
next with an attendance of three thousand three hundred
and thirty-five in is('.;:i, and the Liverpool meeting reached

practically the same figure.

The scientific meetings of the Association were held

this year in ten sections, viz. :—(A") Mathematical and
Physical Science, (B) Chemistry, (C) Geology, (I)) Zoology,

(E) Geography, [F) Economic Science and Statistics, (G)

^Mechanical Science, (II) Anthropology, (I) Physiology, (K)
Botany. The president of each of tbese sections delivered

an address, and fifty or sixty papers were read and discussed

in each section. Several evtning lectures and discourses

were also delivered during the meeting, so that it is hopeless

for us to attempt to dtsciibe the work accomplished. All

we can do is to give a statement of the general features

of the meeting, and call attention to some of tlie most
interesting points raised.

Sir Joseph Lister, the Prrsident of the .Association this

year, is also President of the Royal Society. The work for

which his name is honoured is the antiseptic method of oper-

ating and treating wounds, and it constitutes the greatest
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advance which surgery has ever made. Without dwelling

unduly upon the iuvestij,'ations which led him to introdui-e

antiseptic surgery, Sir Joseph Lister traced, in his presi-

dential address, the hacteriological researches of Pasteur and
others bearing upon it. Pasteur found that putrefaction was
a fermentation caused by the growth of microbes, and the

inference was that if a wound were treated with acme sub-

stance which, without doing too serious mischief to the

human tissues, would kill the microbes already contained in

it, and prevent the access of others in the living state, putre-

faction might be prevented. Acting upon this suggestion,

Sir Joseph Lister Ijegan to apply carbolic acid to wouuds,and
was overjoyed to find that by so doing compound fractures

healed as easily as simple fractures, in which the skin

remains unbroken. More recent work has shown that it

is not necessary to use carbolic acid, or any other irritating

antiseptic, in the treatment of wounds. All that is required

is scrupulous cleanliness. The surgeon washes his hands
in disinfecting solution, and boils his instruments in water,

or a weak solution of sodium carbonate, in order to free

them from microbes. With the same end in view, his

outer garments and the bandages are sterilized by being

heated in a steam chamber. Everything likely to come
into contact with a wound is carefully freed from germs,

and nature is thus given the conditions to carry out un-

disturbed her best methods of repair. This change of

operational technique does not, however, belittle the

antiseptic method. Lister opened up the new era of

surgery by showing that wounds would heal " by first

intention " if kept entirely free from infection, and that is

the principle now borne in mind by surgeons. The result

is that, whereas in pre-antiseptic days a frightful proportion

of patients succumbed to the inflammation of wounds, wound
fevers, and hospital gangrene, at the present time scarcely

a death is due to these sequela', however complicated the

wound or difHcult the operation.

The Physics Section of the Association was honoured by
the presence of Prof. Lenard, whose name, though not so

widely known as that of Prof. Eiiatgen, is held in just as

high esteem in the scientific world. It was Prof. Lenard who
showed that the kathode rays produced in high-vacuum
tubes, and first studied by Dr. Crookes, could be brought
out into the air by making a tube with an aluminium end
opposite the disc from which the rays emanated. As Prof.

Fitzgerald eloquently remarked in the discussion upon the

paper in which Prof. Lenard described his researches,
" he was the first to cross the Rubicon which separated us

from the domain of what is now known as X-ray photo-

graphy." Two years before the publication of Prof.

Rijntgen's startling results, Lenard had shown that

kathode rays passed through opaque substances, and were
capable afterwards of excitmg a phosphorescent screen and
of acting upon a photographic plate. A number of other

papers on kathode rays, and Eiiatgen or X rays, were
communicated to the section, and Prof. J. J. Thomson's
address to the section was largely devoted to these subjects

;

but there was no consensus of opinion as to the nature of

the rays, whether they were matter projected with high
velocities or whether they were waves in the ether.

Prof. J. J. Thomson referred in his presidential address

to the great improvement which has taken place in the

teaching of physics in our public and secondary schools

during the past ten years. At the same time he cautioned

teachers and students against the temptation to take up
too many subjects. lie thought that physics was best

begun with a course of mechanics, the students to do
innumerable experiments of a simple kind leading to

numerical results, and their work not to be shaped accord-

ing to the dictates of the examinational fiend, The subject

of scientific education came up also in the chemistry

section, and the general opinion was that science should

bo more widely followed as a means of mental culture, in

which aspect it can be made a subject of the greatest

educational value. A long discussion took place on a paper

by Sir Henry Roscoc on " Chemical Education in Isngland

and dermany," and the opinion was expressed that much
more attention should be paid to scientific research both

in the higher technical schools and in manufactories.

In his presidential address to the Section of Geology,

Mr. J. E. Marr dealt at great length with the present state

of knowledge of stratigraphical geology. Eew papers of

general interest were presented, and limits of space will

only permit us to mention two of these—an account by the

Coral Boring Committee of the unsuccessful attempt to

bore through Funafuti, in the South Pacific, and a paper

by Mr. Vaughan Cornish on the ripple-marks produced by

the sea, streams, and wind. The address of Prof. E. B.

Poulton to the Section of Zoology was of a somewhat
disjointed character ; but the chief point with which it

dealt was the age of the earth, as estimated by geologists

and physicists respectively. The Geographical Section

was very largely attended, perhaps because most of the

papers were descriptive of travels and explorations, and

were illustrated by lantern slides. Africa and the Arctic

were the chief themes brought before the section. To the

Section of Mechanical Science very little of importance was
communicated. Mr. C. Worby Beaumont gave an ex-

planation of the apparently anomalous fractures of railway

rails, and a valuable report was presented on the effect of

wind and atmospheric pressure on the tides. A paper by

Mr. W. H. Prcec3, giving the results of tests of a large

number of glow lamps, must also be mentioned.

Mr. Arthur Evans dealt with " The Eastern Question

in Anthropology " in his address to the Anthropological

Section, and showed that " Eurafrica," in its widest sense,

is the birthplace of the highest civilizations that the world

has yet produced, and the mother country of its dominant

peoples. Several very interesting discussions took place

in the meetings of this section upon such subjects as the

formation of an Ethnological Bureau, the origin of the

knowledge of copper and iron in Europe, and the early

civilization of the Mediterranean.

In the Section of Botany, Dr. D. II. Scott delivered an

erudite presidential address on " The Present Position of

Morphological Botany." The chief paper communicated
to this section was on the ascent of water in trees, by

Mr. Francis Darwin. Within the last few years this

problem has entered upon a new stage of existence, and
Mr. Darwin brought together the results of the researches

which have led to this new development ; the two questions

considered b?ing—(I) What is the path of the ascending

water '? (2) What are the forces which produce the rise ?

Dr. W. H. Gaskell's address ou " The Origin of the

Vertebrates," delivered before the combined Sections of

Physiology, Zoology, and Anthropology, provoked a large

amount of discussion. The central pivot on which the

theory put forward turns is the central nervous system,

especially the brain region. The striking factor of the

ascent of vertebrated animals, from the lowest fish to man,

is the steady increase of the size of the central nervous

system. However much other parts may suffer change or

degradation, the brain remains intact, steadily increasing

in power and complexity. The same law holds gooj

in the invertebrate kingdom. These and many other

considerations have led Dr. Gaskell to conclude that

the central nervous system of the vertebrates must be

considered as derived from the conjoined central nervous

system and alimentary canal of an arthropod. The brain
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i3 bollow, be holda, because it has grown around the old

cepbabc stomach, and our cerebral hemispheres are but

modifications of the suprao'sophageal ganglia of a scorpion.

" The time is coming," he concluded, "and, indeed, has

come, when the fetish worship of the hypoblast will give

way to the acknowled^;ment that the soul of every individual

is to be found in the brain, and not in the stomach ; and
that the true principle of evolution, without which no
upward progress is possible, consists in the steady upward
development of the central nervous system." The theory

is very pretty, but unfortunately, as was pointed out at the

meeting, there is very little actual evidence for it. No
traces of the series of Limulus-like animals, having im-

perishable skeletons, are known to occur m the fossiliferous

rocks. But whatever the ultimate decision may be as to

the soundness (or otherwise) of Dr. Gaskell's conclusions,

the hypothesis is startling enough to make zoologists and
physiologists examine the foundiitions upon which other

theories of the origin of vertebrates are based.

The most important object of the British Association

is to bring together investigators in various branches of

science for the mutual exchange of ideas. By this means
a wider view is obtained, and directions in which researches

can be profitably made are indicated. The recent meeting
was not remaikable for the announcement of any great

discoveries, and we venture to say that some of the

presidential addresses were too diffuse and technical to be

of interest to even the members of the sections in which
they were read ; but, at the same time, men of many
branches of science mingled together, and went away more
anxious than before to assist in the advancement of

knowledge.

THE FACE OF THE SKY FOR NOVEMBER.
By Herbert Sadler, F.R.A.S.

SUNSPOTS show a very gradual increase in number
and size. Conveniently observable minima of

Algol occur at 9h. 33m. p.m. on the 13th, and at

Oh. 22m. P.M. on the 16th. A maximum of the

remarkable variable o (Mira) Ceti is duo on the 3rd.

Mercury is visible as a morning star during the first

half of the month. He rises on the 1st at 5h. 20m. a.m.,

or Ih. 3Gm. before the Sun, with a southern declination

of 7° 21', and an apparent diameter of 5^", tVo'^^ o^

the disc being illuminated. On the 6th he rises at 5h.

45m. A.M., or lb. 21m. before the Sun, with a southern

declination of 10' 29', and an apparent diameter of 5;^'',

y^glhs of the disc being illuminated. On the 11th lie

rises at Gh. 13m. a.m., or about one hour before the Sun,

with a southern declination of 14 ' 49', and au apparent

diameter of 5", x^b'^^ of the disc being illummated.

After this he approaches the Sun too closely to be visible.

Ho describes a direct path in \'irgo to the confines of

Libra. He is in superior conjunction with the Sun on
tha 28th.
Venus is an evening star, but owing to her great southern

declination is by no means well situated for observation.

On the 1st she sets at 5h. l.Tm. p.m., or about one hour
and a quarter after the Sun, with a southern declination

of 22' 57', and an apparent diameter of 12'', i^/^ths of tbe

disc being illuminated.

Mars is now the most conspicuous object in the evening

sky. He rises on tbe 1st at (ih. 47m. p.m., with a northern
declination of 24^ 13', and an apparent diameter of 15",

the phasis on the precedmg limb amounting to 1". On
the 5th he rises at Gb. 3()m. p.m., with a northern declina-

tion of 24' 24', and an apparent diameter of 151". On
the nth ho rises at fib. p.m., with a northern declination

of 24° 41', and an apparent diameter of lof". On the

15th he rises at 5h. 42m. p.m., with a northern declination

of 24° 53', and an apparent diameter of 1G|". On the

25th be rises at 4h. 4Sm. p.m., with a northern declination

of 25 19', and an apparent diameter of 16|". On the 30th

he rises at 4b. ISm. p.m.. or 25m. after sunset, with a

northern declination of 25° 29', and an apparent diameter

of 111". During tlie month he describes a retrograde

path in Taurus.

Jupiter does not rise till ilh. 13m. p.m. on the last day

of the month, and Saturn and Uranus are, for the observer's

purposes, invisible.

Neptune is an evening star, rising on the 1st at Gh. 26m.

P.M., with a northern declination of 21° 38', and an

apparent diametsr of 2-6 ". On the 30th he rises at

4h. 2Sm. P.M., with a northern declination of 21' 34'. He
describes a very short retrograde path in Taurus during

November.
November is a very favourable month for shooting stars.

The most marked display are the Leonids on November

13th and 14th, the radiant point being in R.A. lOh., and

northern declination 23 . Tbe radiant point rises at

about 10b. 15m. p.m. The Andromedes occur on the 27th,

the radiant point being in R.A. lb. 40m., and northern

declination 43 .

The Mopn is new at 7h. 27m. a.m. on the 5th ;
enters

her first quarter at 5h. 41m. a.m. on the 12th ; is full

at lOh. 25m. a.m. on the 20th ; and enters her last quarter

at 2h. 44ca. a.m. on tbe 28th.

Cl^css Column.
By C. D. LococK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LooooK, Burwash, Sussex, and posted on or before

the 10th of each month.

Solutions of October Problems.

No. 1.

(.J. K. Macmeikan.)
1. Q to K8, and mates next move.

[This is the first published problem of this promising

young composer.]

No. 2.

(A. G. Fellows.)

Key move.— 1. Q to QBsq.
If 1. . . . Kt or P moves, 2. Kt to B5ch, etc.

1. ... K to QG, 2. Kt(B2) to Ktlch, etc.

1. ... K to B4, 2. Q to KG, etc.

Correct Solutions of both problems received from
Alpha, H. Le Joune, G. A. F. (Brentwood), L. Pfungst,

.J. T. Blakemore, A Norseman.

Of No. 1 only from H. S. Brandreth, A. S. Coulter,

G. G. lieazley, J. M-Robert, W. Clugston, W. WiUby,
H. W. Elcum, G. J. Newbegm, E. C. Willis.

\'ariou3 incorrect solutions have been sent for No. 2,

which has been greatly admired by those who solved it

correctly. The favourite error has been 1. K to Kt6,

which seems to be met onlv by 1. ... P to Q5, 2. Kt(RG)
to Kt4, Kt to Kt4.

,J. .S\ Coulter.—After 1. Q to Ksq ch, K to QG, there is

no mate in two more moves.

fl. S. Branilrctlt.—1. Q to QKtsq will not solve No. 2.

The King finds safety at KB3.

.Vex. L. StriDhje.—-Your card evidently applies to the

September Number. Solutions should be sent in by the

12th of the month. The October Number will show you
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that your solution is correct, though not the author's

intention.

,1. T. lilakcinoiy.—Shall be glad to receive the three-

mover.

//. ir. I\lc)im.—Your criticisms are much to the point.

11
'. Chi'i.ttiiii. Many thanks for the enclosures. Your

two-mover is a great improvement in strategy ou the rather

elementary set received last month. At the same time it

seems capable of further simplification, and, furthermore,

in urgent need of it, the variety being hardly proportionate

to the large force employed. To take one point only, why
not remove the Pawn which guards the Black Knight ?

The omission would leave two excellent tries by Q x Kt

and Q to R2, both threatening immediate mates, to which

Black has in each case only one defence. The thirteen-

variation problem is excellent, as you say, though these

"llights of Rooks "are an old theme. What is the solution

of Mr. Loyd's problem No. B7 ?

PROBLEMS.
By Eugene Henry.

No. 1.

Black (3).

m ^m ^ mm

'm im ^^5«

White (7).

White mates in two moves.

No. 2.

Black (H.

Hifl A ^k

w^^^'W^^m w

White i<i).

White mates in two moves.

CHESS INTELLIGENCE.

We notice with regret an announcement in the Cliekn

Mcyithly to the efl'ect that that magazine closes its present

career with the current number. Mr. Hotl'er has edited

the Chess Manthly for seventeen years ; lirst in conjunction

with Dr. Zukertort, and since his death by himself.

Competition with the now numerous chess columns in the

daily press, and lack of time for so arduous an undertaking,

are the reasons given for what, we are glad to see, may
prove only a break in continuity. The feature of the

present double number is a diagram by Mr. W. H. Cubison,

illustrating the "Knights' Tour" on a board of lODtJ

squares ; truly a marvellous piece of patient work !

An International Tournament was begun at I'uda-Pesth

in the first week of October. The competitors were

thirteen in number, viz. :—Albin, Marco, and Schlechter

of Yienna, ]>r. Tarrasch of Nuremburg, Herr Walbrodt ot

Berlin, Mr. Pillsbury of America, M. Tchigorin of St.

Petersburg, Ilerr Winawcr of Warsaw, Herren Maroczy,
Charousek, and Popiel of Hungary, and M. Janowski of

Paris.

At the time of writing, Herr Winawer, who seems, after

the practice he had at Nuremburg, to have recovered his

old form, has a clear lead. Dr. Tarrasch again started

disastrously, his fate now in three successive tournaments.

Messrs. Lasker and Stcinitz were expected to compete, but

evidently preferred to reserve themselves for their match,

which is announced to begin early this month.
We regret to announce the death of Mr. E. Freeborough,

of Hull, for many years one of our leading amateur players

and analysts. He was a valued contributor to the British

Chess Mci(ia~iiie, and the author of numerous works on the

theory of the chess openings and endings. In conjunction

with Mr. Ranken he compiled the well-known " Ohess

Openings, Ancient and Modern."
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EDITORIAL NOTE.
In completing the Volume for 1896, the Editors desire

to record their satisfaction at the favourable reception

accorded to the ilagazine in its extended area of work
during the year. It is intended to pursue the same course
in the new year, and while keeping abreast of the highest
scientific achievements and aspirations of the time, every
effort will be made to render the columns of Knowledge
of abiding interest to its readers. " Simply worded

—

exactly described " will be the aim in the future as it has
been in the past.

With the January Number will be commenced a series

of illustrated papers on the Progress of Science durinLr the
Queen's unique reign, a period of time unexampled in the
world's history for the scientific advancement of the
nations. Arrangements have been made to enlist the aid

of leading men in the various branches of science, and
no pains will be spared to render the series complete in

every particular.

The same Number will contain the first of a series of

illustrated articles on Practical Entomology assisted by the
^licroscope, to be contributed by Mr. Frederick Enock,
F.E.S., F.L.S., the well-known entomologist.

During the year, Mr. G. F. Hill, M.A., will continue his

interesting contributions on Numismatics, dealing first

with English Medals. These papers will be illustrated

with full-page photographic plates. Mr. W. Botting
Hemsley, F.K.S., will also contribute a series of articles

on the Vegetable Products of our Australasian Colonies.

In the Natural Sciences, although no long series of

connected articles, other than those mentioned above, is

contemplated, the Editors have promises of many valuable

papers from both old and new contributors. Mr. E. Walter
Maunder, F.R.A.S., who will continue to edit the astro-

nomical columns, has received several photographs from Dr.
Isaac Eoberts, I'.H.S., while many other friends have pro-

mised their aid. These, together with several drawings of
planets by well-known artists in this work, will be issued

monthly in the form of collotype plates as heretofore.

FORECASTING FAMINES IN INDIA.

By Douglas Archibald.

THE scarcity which is now developing into famine

in India, caused by an unusually early withdrawal

of the monsoon, draws attention to the possibility

of forecasting such events.

The crucial test and ultimate aim of every true

science is accurate prediction.

In physical problems, when all the antecedent causes

and operative laws are known, it is usually easy to

predict the result. Where, however, as in meteorology,

both the causes and the laws are only partially known, and

where the intrusion of unforeseen factors and combinations

may occur both in time and space, prediction must at

present be based more or less on empirical relations and

analogy. If carried beyond the time limits of direct

observation, it must be of a broad and general character,

in direct proportion to the time covered by the forecast.

So far, in England, and in most European countries,

weather prediction has never advanced beyond the twenty-

four hour limit, and is based almost entirely on an

examination of contemporaneous data and empirical

relations founded on past experience, together with a

modicum of rational law. In America, owing to the wide area

traversed by ephemeral weather changes, the time limit is

extended to thirty-six hours ; and in Australia, disturbances

reaching Western Australia are forecasted to arrive in

Victoria about three or four days after, but this is the

extreme limit.

It is beginning at the wrong end to predict the particular;

but so long as the method is confined to what is taking

place within the area of observation, though the deductions

are made on empirical bases, they can hardly fail to reach

a certain percentage of accuracy, sufficient for practical

purposes.

When we extend the time limit to several months instead

of hours, and, ignoring the minor fluctuations, take note

merely of the general average prevalent character of the

weather during the whole period, a marked departure has

to be made in the system employed.

^Monthly averages take the place of hourly means ; con-

trasts and analogies between the conditions for six monthly
periods preceding and embracing the monsoon periods

have to be studied. The area of observation also has to

be extended beyond the hmits^of the district dealt with,

in order to determine the subsequent efi'ects of ascertained

general conditions prevailing in surrounding areas.

On such principles the Indian six monthly forecast has

been founded, and its success has been sufficient to induce

the Indian Government not merely to grant the fands

necessary to establish fresh observations in the Persian

area, but also to arrange for the transmission of cablegrams
from Mauritius. By these means, the conditions which
prevail in the South Indian Ocean may be reported to the

office at Simla in time to be utilized for the forecast.

Although within certain limits, the summer monsoon

—

which bursts, after being ushered in by heavy thunder-

storms, about June 6th in Bombay, and arrives at its

northernmost limits some two or three weeks later—is a

tolerably regular phenomenon, it is not nearly so regular

both in time and quality as is commonly supposed. Its

date of arrival, for example, occasionally varies as much
as thirty days, while the amount of its attendant rainfall

has varied from a deficiency of six inches in 1808 to a
surplus of nine inches in 1893. Concentrated in one spot

this latter excess would equal two hundred and eleven

cubic milos of water. To give an idea of what such an
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amount really means, let us suppose the excess rainfall of

1893 to be collected in a tank with a scjuaro base of eight

miles a side. Then if its altitude were that of the snow
line of the Himalaya, viz., seventeen thousand feet, such

a tank would barely contain the total volume of excess

water which fell over India during that year. Similarly, if

in order to supply the defect in 1868 we imagine a hose

pipe to stretch all the way from the earth to the moon, of

half an acre in section and full of water, it would represent

a trifle more than the above defect. If it were required

to irrigate the country with this hose, in order to keep up
the supply to the normal during the six months of the

monsoon, the water would have to issue from the hose at

the rate of fifty-five miles per hour continuously.

Moreover, although such variations, spread over the

entire area, reach this gigantic amount, their local effect is

relatively much greater, and produces much more disastrous

effects in the dry zone inland than near the coast, where
the rainfall is normally high. In this zone, which com-
prises the Deccan, Mysore, South Madras, Central and
South Punjab, and the western section of the North-

West Provinces, variations often occur amounting to

several hundred per cent, of the normal supply. It is this

district which, as at present, is most liable to famine-
producing droughts or floods.

The method of long period prediction began some years

back imder the late Mr. lUanford, F.R.S., by the recog-

nition of certain sequences which were observed to occur
in the summer monsoon rains, according as the snowfall

of the preceding winter on the Himalayan slopes was
heavy or otherwise. A heavy winter snowfall was usually

found to be followed by a light summer monsoon rainfall,

and rice versih

Although this factor has latterly been found to be liable

to some uncertainty and modification, owing to variations

in the absolute strength, quality, and duration of the

monsoon current itself, it still forms one of the leading

principles by which the extension of the current to its full

northerly limits is predicted.

Heavy and untimely snowfall, especially in April or

May, exercises a powerful influence in preventing or

delaying the extension of the monsoon over Upper India.

Another factor is afforded by the local peculiarities

which are manifest in the hot weather period immediately
preceding the arrival of the monsoon, and which arc best

estimated by means of the synoptic variations of the

current barometric pressure from the normal.
At one time it was thought that these local anomalies

of pressure were the chief cause of the monsoon itself, on
the principle of the sea breeze towards a heated area.

This was formerly alluded to as the " furnace theory."

It is now, however, clearly recognized that the advance of

the massive current itself is not directly the result of the
hot weather over the Indian area, but that it forms part

of a larger system of circulation. Its forward extension

across the Equator is as much due to a vis a teiyo, effected

in the South Indian Ocean, as to a rix ad frontem, in con-

sequence of changes over the Indian land area following

the northward march of the sun. As soon, however, as

the current is once established over India, it is found that
it tends to concentrate its rainfall energy mostly over those
districts where the pressure was lowest during the ante-

monsoon months.
Hence this second factor is of great service in deter-

mining the local or provincial variations of rainfall,

though, like the snowfall factor, the deductions have to

be modified in correspondence with the precise character
of the incoming current.

The last factor is the condition of the south-east trade

wind of the South Indian Ocean, which is now found to be
nothing else than the direct parent of the monsoon.
The tuiidus opernnili by which the southern trade

wind crosses the Equator in May and rushes across

the Indian Ocean as the south-west monsoon, which
breaks on the Indian coasts early in June, has been
graphically described by Mr. Eliot in a recent paper in

the Quarterbi .hnirnal af the Boi/nl Meteanilogicid Society

(January, 1890). We need not here allude to it further

than to say that while a feeble sea breeze develops along

the Indian coasts for some time previous to the monsoon
burst, the latter is evidently in no sense its culminating

stage. On the contrary, as Mr. Eliot substantially puts

it, it is plainly due to the breakdown of the upilow
over the equatorial calm belt, which allows the south-east

trade wind to continue its horizontal flow across the

Equator. It thus brings the vapour accumulated during

its southern journey in a massive sheet, which condenses
when carried up the Indian ranges and plateaux.

The only direct means of estimating the probable

strength and character of this vapour current is to

ascertain the character of the south-east trade wind of the

Indian Ocean, south of the Equator, during April and May.
It is found that this is usually maintained comparatively

unaltered for some months, and is transmitted, pari ijradu,

to its defluent extension, known as the south-west
monsoon of India.

Up to the present time the information has usually

been derived either from the logs of ships arriving at the

Indian ports from the southern seas or else by letter from
Mauritius, the Seychelles, etc. Latterly, however, the

Indian Government has sanctioned the establishment of

cable communication to the Seychelles, and is preparing

to do everything in its power to accelerate the trans-

mission of news from the Mauritius, Zanzibar, etc.

Meanwhile, as a supplement to the direct observation of

the trade current, it has been found that the monthly
average barometric pressure over India is subject to

periodic, long oscillations, above and below the mean.
These vary from six to twenty-four months, and are usually

some multiple of six months.
These waves of pressure are found to be connected with

the development of the monsoon current in such a way
that if the wave is rising during the month or two (April

and May) preceding the south-west monsoon, the rainfall

will be scanty, and the reverse if it is falling. On the

other hand, if it is just beginning to rise during the month
preceding the winter monsoon (November), the rains

which fall in December and January will probably be above

the average, and vice rersd. These waves occur, reversed

in phase, oa the south side of the Equator, and indicate,

as Mr. Eliot (the head of the Indian Weather Bureau)
says, checks and accelerations in the seasonal mass
transfer of air across the Equator between the Indian

Ocean and Southern Asia.

Twelve such waves have occurred during the past twenty
years, and their careful study seems destined to open out

a new departure in meteorology by permitting seasonal

forecasts to be projected on a rational basis.

Regarding the forecast this year, though no direct

reference was made to the possibility of a famine-producing

drought, attention was drawn to the signs of a weak mon-
soon from the observations, particularly at the Seychelles.

Up to the present time the probability of a break in the

middle of the rains or their early termination in any year

are admitted to be difficult to determine with accuracy.

The latter is, perhaps, one of the most important relations

to be able to forecast, since the present disastrous scarcity

is directly traceable to an unusual scorching in September,
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when the monsoon ought still to have been exercising its

moist and sheltering influence.

At the existing rate of progress, however, there is little

doubt that the possibility of predicting an early stoppage

as well as a diminished strength in the monsoon will be

shortly within the power of the Indian Meteorologist-in-

Chief ; and it is to be hoped that the successful example

of the bold experiment of predicting weather conditions

half a year ahead in India, will stimulate European
weather bureaux to advance beyond their present unsatis-

factory position.

GREEK VASES.-IV.

C—RED-FIGUKED VASES (FINEST PERIOD.)

By H. B. Walters, M.A., F.S.A.

IN
the last article {see -July Number) we dealt with the

history of Greek vase painting down to the end of

the sixth century b.c, with some allusions to the

changes in the art that were taking place towards

the end of that century. In the present article this

question must be discussed at greater length, although the

sudden reversal of technical method involved in the change

from black figures on red ground to red figures on black

ground is not at first sight easy of explanation. We are

also met with chronological difficulties, owing to the results

obtained from the recent excavations on the Acropolis of

Athens. Into the details of this question, however, it

would be inadvisable to enter ; suffice it to say that it is

now acknowledged on all hands that the first appearance

of vases with red figures is not, as was formerly supposed,

subsequent to the Persian Wars {i.e., after 480 b.c), but

must be pushed back to the time when the Peisistratidae

ruled as tyrants in Athens, about 520 b.c.

As to the origin of the red - figure technique, it is

susceptible of more than one explanation. We must
remember that it had no development from the black-

figure style, as no intermediate stage between the two is

possible. There is, however, a small class of vases in

which the figures are painted in opaque red colour on a

black ground, with which the whole surface of the vase

has been covered. We know from excavations that these

vases belong to the period 500-480 b.c, and some may be

even earlier ; it is, therefore, conceivable that it occurred

to the painter that it was more effective to let the red clay

of the background appear through the black, wherever he

would place a figure, than to paint the red on to the black.

But these vases are few in number, and there is no doubt

that the red-figured vases sprang at once into very great

popularity, and that the new invention, however brought

about, was too generally adopted at first to derive its origin

from a comparatively rare method. The transformation is

usually associated with a certain group of painters, who
appear to have used the two methods indiscriminately,

either painting whole vases with red or with black figures,

or combining them on one vase.

Briefly, the method of vase painting during the period

under consideration is as follows :—The artist sketches his

design on the red clay with a fine pointed tool ; he then

surrounds this outline with black varnish, laid on with a

brush to the extent of about an eighth of an inch all round,

this being done to prevent the varnish when laid on over

the rest of the ground from running over into any part of

the design. Finally, details, such as features or folds of

drapery, are added with a brush in black lines on the red

;

and further details are often expressed either in a thinned

black pigment which becomes brown, or by application of

white or purple as in the last period.

Thus we see that the technical process of the preceding
method is exactly reversed, and that the figures now stand

out in the natural colour of the clay against the black

ground.
Throughout the period there is an extraordinarily rapid

advance both in artistic conception and power of execution,

due, no doubt, to the contemporary impulse given to the

more dignified art of fresco-painting by the rise of

Polygnotos and the other great Athenian painters of the

fifth century. Yet this improvement was finally to prove
the vase-painter's rain. At first the large and simple

compositions of the fresco-painters exercise a praiseworthy
influence on the conceptions of the vase-artists, besides

providing them with new hints for technical improvement,
such as additional colours or variety of ornament. But
the more truly pictorial the scenes on the vases become,
the more do they tend to deteriorate in merit ; the love of

over-refinement and the newly-acquired skill in drawing
drive the artist to produce hurried, careless compositions,

and to forsake archaic severity for crowded scenes or
groups of figures without meaning or interest.

Contemporary with the red-figure method is one which
we have already not infrequently met, in which the figures

are painted on a white slip ; and this method also receives

Fio. 1.—Lekythos (Oil-Fliisk) of "Strous;" Pi-rioil: Xike (Victory)

pouring Libation at Altar. About 4C0 B.C.

a fresh impetus in the period before us, and even more
than the other brings before us the methods and processes

of the great painters. It must be remembered that in the

fifth century fresco painting was a comparatively simple

process, three or four colours alone being employed on a

white ground resembling that used on the vases. The
ground in either case being of the same character, it was
but a short step for the vase painter to employ the same
method of colouring, even though on a vastly smaller scale.
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It is true that we only possess a very few vases with
designs in colours on a white ground ; but such as we have
are of such exceptional excellence that we are fully justified

in seeing in them the best results of the influence of which
we have spoken. In this connection we may note that

there is evidence that at one time it was the practice to

paint tombstones (sieta,) with the clligy of the dead person
in colours on a white slip, and we shall see later on that
this method was by the middle of the fifth century almost
exclusively adopted for a class of vases destined particularly

for sepulchral purposes.

We now first find attempts to render the human body in

positions other than purely profile, and to throw ofl' the
trammels of conventional archaism (such as that of Egypt),
which forbade to render the chest and shoulders in profile

or the face and limbs in front view. Thus the way is

prepared for the development of perspective and fore-

shortening, which tends, as we have seen above, to the
rapid perfecting of linear drawing, as exemplified in the
vases of the latter half of this century.

Another circumstance which led, as in the case of

sculpture, to a greater facility in rendering the human
figure, was the growing familiarity with the perfections of
nude male forms brought about by the increased popularity
of the Olympian and other games. The prevailing tone
of the subjects on the vases is no longer now mythological,
but the iphehos, or full-grown youth, that peculiarly Attic
creation, reigus everywhere supreme.

It may be convenient to pause here for a moment, and
note the various stages of development through which the
red-figure style passed. (1) The archaic shows all the
stiffaess and want of technical freedom characteristic of
the last stage. (2) The severe style shows a marked atten-

tion to detail and greater technical freedom, but not as yet
without stiffness. (3) The f/ood period has several sub-
divisions : [a) the stroni/ style, dry and vigorous, delighting

in difficult subjects : (/<) the larije style, aiming chiefly at

breadth of effect and dignity of composition ; and (c) the
fine style, showing the perfection both of technique and
composition. (4) Finally we have the late line style,

introducing mannerisms and refinements, which tend to

nothing more than pictorial prettiness, and degenerate
into merely careleas and florid work which at last fails to

arouse any interest.

The shapes of the vases are, roughly speaking, the same
as those of the last period, but certain developments
of form can be traced, and some shapes are more in

demand at certain stages. For the first half of the
century the most characteristic form is the kylix or two-
handled cup, with wide shallow bowl on a high stem.
Another important shape is the hydria or three-handled
pitcher, which exchanges its somewhat angular outline and
flat shoulder for a gracefully curved form, in which the
neck merges in the shoulder, and that again in the body,
making one single curve throughout. Instead of two
subjects, as in the last period, we now only have a group
of two or three figures on the body. The amphora loses

much of its popularity, with the exception of some early
examples which reproduce the character of the black-

figured amphonu ; but a new and very charming variety
appears. This is known as the Nolan amphora, from the
fact that it appears to have been a popular shape with the
inhabitants of Nola in Campania, as many examples have
been found there, imported from Greece. Its characteristics

are : a slim body and long neck, handles reeded and often
twisted, a very fine and lustrous black glaze, and a design
confined to one or at most two figures on either side.

A second popular variety of the amphora is the pelike, in

which the foot disappears, and the body swells out from

the handles downwards, with a somewhat clumsy effect.

Another characteristic shape of this period is the stamnns,

a wide-necked full-bodied jar with small side handles,
which only found favour for a short period, but that the
time of the best artists.

In the later stage of the red-figure style the larger and
bolder varieties apppar to be discarded in favour of small

KiG. 2.—Lekytlios (Oil-Flask), with Polychrome Figures on White
Ground ; made for use at a Funeral. Subi'ect : the Deceased Person
at her Toilet.

and elegant shapes, among which we may mention the
artjhaUoK or lekijthnti with globular body ; the py-t'is, a

cylindrical box with cover ; and the askos, a small oil-flask

with handle and spout, which did not afford much scope for

decoration. But the aryballos and pyxis {see Plate, No. 6)

supply some of the finest examples of the "late fine"

period, even though the subjects are sometimes fanciful or

the drawing over-refined ; moreover, considerable effect is

gaioed by the judicious addition of gilding, white or blue,

and other colours.

The subjects on red-figured vases may not, perhaps, be
regarded as so varied or interesting as those on the black-

figured, but still are worthy of all attention. At the very

outset we see a tendency towards scenes of real life, instead

of the old mythological repertoire. At the same time,

scenes from epic legend and mythology hold their own
with almost as much variety as before, but it is remarkable
to note how the well-worn types, which we discussed in the

last paper, are promptly discarded, and how, with his new-
born capacities of drawing and free scope for composition,

the painter is led to form his own idea of the subject he
wishes to depict, without regard to the lines on which his

predecessors worked. In the next stage, or " strong "

style, the patriotism of the Athenian artist finds expression

in the growing imporiance which he attaches to purely
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1. — Kylix (G-oblet), signed by Epiktetos. 2.— Kylix, signed by Euphronios.

5.-Krater (Mixing Bowl), of Fine Style. 4.—Kotyle (Beaker) . signed by Hieron.

.
y.—Kylii, signed by Brygos. «.—Pyxis

( loilet Box) of Late Fine Style.
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Attic legends, especially those of Theseus, the typical Attic

hero. Two causes combined at this time to bring Theseus
prominently forward among the Athenian people. Firstly,

that he was supposed to have appeared in aid of their side

at the battle of Marathon ; and, secondly, that in 469 b.c.

his bones were brought by Kimon from the island of Skyros,

and buried with great solemnity in the Theseion, which
building was decorated with paintings also celebrating the

hero. It is also probable that Theseus was regarded as the

typical athlete and the typical Attic i-phcbos, and his

contests as analogous to successes in the pii}n;stra. Hence
the grouping of scenes from the labours of Theseus after

the manner of groups of athletes variously engaged.
In the "tine" style the athletic subjects reach the height

of their popularity, and Dionysiac subjects are also fairly

common ; but there is a certain reaction in favour of

mythological subjects, such as battles of gods and giants, or

the sending forth of Triptolemos from Eleusis by Demeter
(a very characteristic subject of this period; set- Plate, No. 4).

Scenes of banqueting and revelry, or mere groups of figures

conversing, are more popular on the cups of this period—the

mythological subjects on the amphora? and other large vases.

In the " late " style the popularity of athletic subjects

begins rather to wane, and the private life of women comes
more to the front. Again, we have many merely fanciful

scenes, or figures with fanciful names drawn from mytho-
logical sources at haphazard.

But, for the student at any rate, the inscriptions on red-

figured vases offer even more interest than the painted

designs. Besides those that we may call descriptive, i.e.,

which relate to the subjects depicted, we find numerous
inscriptions which have a wider and more external interest.

These fall into two classes : artists' signatures, and names
of favourites. The special value of these inscriptions to

the student is that he is thereby enabled by comparison
of signed and unsigned vases to attribute many of the

latter to known artists ; while in the case of vases which
merely bear the names of favourites, the fact that certain of

these names are elsewhere associated specially with certain

artists allows these vases to be assigned to their sources

with even more certainty.

It should be explained that a favourite name denotes

the name of some personage with the word KaXo's, " fair
"

or " noble," attached; implying that the painter wished
to celebrate either some popular man of the day or some
much-admired youth. The exact meaning of this practice

has been much discussed, the chief difficulty arising from
the fact that though many names famous in history, such

as Miltiades, Alcibiades, and Hipparchos, occur among
the favourites, it is impossible to discover whether they

really refer to the historical personages or not. It is clear

that if this identity could once be proved, we should have
certain chronological data which would be of immense
value for the history of vase painting ; at present, however,

we must be content with using the favourite-names for the

identification of particular artists.

The artists whose signatures are known to us faU into

three well-defined groups, corresponding to the divisions

of style given above. They are as follows :

—

(1) The group of Epiktetos, corresponding to the

"archaic" style, and including several artists who
employed both black and red figures.

(2) The group of Euphronios, corresponding to the
" strong " style, and including the best work of the period,

especially as far as the kylikes are concerned.

(3) The later Attic group, corresponding with the "fine"
style.

The best work of these artists is, as a general rule, to

be seen on the kylikes. The productions of Epiktetos

and his fellow craftsmen are chiefly characterized by
simplicity of conception, the natural consequence of the

recent change from the old method. {See Plate, No. 1.)

Euphronios, as we have indicated, is usually associated

with the most perfect work of this period. His style is

characterized both by grandeur and beauty, combined with

elegance and ease in composition, and a careful attention

to the smallest details. (>e<; Plate, No. 2.)

Among his contemporaries, Duris, Hieron, and Brygos
take front rank, each, however, being an artist of marked
individuality. The chief feature of Duris' work is a

preference for quiet gracefulness rather than violence of

action, and a love of slim nude figures. The vases of

Brygos are comparatively rare, but we are able to see that

he stands on the threshold of the next stage, and while

stUl retaining certain traces of archaism, yet shows in his

fondness for realism and copiousness of detaU a rapid

advance towards the freedom of the fine style. ( '<ee Plate,

No. 3.) Hieron, again, is not a man of much originality;

his tendency is chiefly to sentimental figures and idealized

scenes of daily life. (>tv Plate, No. 4.)

The later group need not detain us long. Hardly any
of these artists have left more than one specimen of their

work, but Aristophanes has signed a beautiful kylix, with

scenes from the battle of the gods and giants ; and Sotades
has produced several very delicate drinking-cups of various

fanciful forms, some painted with designs of great beauty
and refinement. A hydria, the work of Meidias, is also

justly celebrated for the richness of its decoration and
delicacy of execution.

We have alluded above to a class of vases with paintings

on white ground which was produced exclusively for

sepulchral purposes. With a few exceptions from Gela in

Sicily, Locri in Southern Italy, and Cyprus, these vases

have been all found at Athens or Eretria in Eubcea, and
there is little doubt that they were all made at Athens.

Their development is parallel to that of the sculptured

tombstones, of which such a great number have been found

at Athens, and the subjects are similar, but more varied.

The commonest type of subject is that of mourners bringing

offerings to the tomb of the deceased, represented by a tall

monument on a raised base ; the offerings take the form of

vases, sashes, etc., for the decoration of the tomb. Other
scenes depicted with less frequency are : mourners bending

over the death-bed ; the deceased person conveyed in

Charon's boat over the Styx ; a dead warrior laid in his

tomb by Death and Sleep. In another group the funereal

purpose of the vase is only hinted at : the deceased is

represented, if a man, hunting or in armour ; if a woman,
engaged in some feminine occupation ; the idea being, as

we sec it on the sculptured tombstones, to suggest the

dead person as he was wont to be occupied in his daily life.

{See Fig. 2.)

The period covered by these vases ranges from about

450 to 300 B.C. ; many of the later examples are carelessly

executed with rapidly-applied patches of colour, and

I

suggest that the vases had been hurriedly produced "to
order" on the occasion of the funeral. They were placed

round the bier at the laying-out of the corpse, and then

buried with it.

For all practical purposes the red-figured style may be

said to have an end with the fall of Athens in 401 b.c. It

is true that many existing vases can be dated later, as, for

instance, the sepulchral lekythi, of which we have just

been speaking ; but they are exceptional, and all other

vases which cannot go further back than the fourth cen-

tury must be regarded as belonging to the period of the

decadence, even though many of them were made at

Athens, or directly under Athenian influence. But none
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of the finer examples of rod-figured vases can be later than
B.C. -100, while historical evidence taken in conjunction

with the results of excavations in Sicily and ithodes, and
at Naukratis, points to the fact that apparently late red-

figured vases found in those places cannot bo later than

the fifth century.

Description ui- Plate.

1. Kvlix (goblet), signed hy Kpiktetos. In interior, man playing
flutes and girl dancing. About 500 B.C.

2. Kjlix, signed by Euphronios. In interior, elderly man and
girl conyersing. About 480 B.C.

3. Kjlix, signed by ]!rygo9. In interior, woman giving drink to

departing warrior. About 400 n.c.

4. Kotvlo (beaker), signed by Hieron. Subject symbolical of the
introduction of agriculture into Attica: Triptolemos sent forth by
Demeter from Eleueis. About 470 B.C.

6. Krater (mixing bowl), of fine style. Subject: Sunrise, repre-

sented by the sun-god in his chariot and four boys diving (indicating

stars setting). About 440 B.C.

6. Pyxis (toilet box), of late fine style. On the top, the death of

Pentbeus; round the side, the chariot of Aphrodite drawn by two
attendant genii. About 420 B.C.

SOME CURIOUS FACTS IN PLANT
DISTRIBUTION.-VI.

By W. BoTTiNG Hemsley, F.R.S.

IN
the first of this series of articles (February, 1896)
some particulars were given of the latitudinal

distribution of flowering plants. It was shown
that, with one possibly doubtful exception, no
flowering plants existed in the remote islands of the

southern hemisphere within thirty-five degrees of the Pole,

and probably nowhere within thirty-four degrees ; whereas
in the northern hemisphere about seventy species had been
collected between latitude 80- and 83", or within seven
degrees to ten degrees of the Pole. It was further pointed
out that the plants of the southern limits of vegetation

have very small green or dull-coloured flowers ; whereas,
in the north, showy flowers are not uncommon, coexisting

with bees and butterflies. Everybody knows that plants,

like animals, are afi'ected by temperature, and it has been
ascertained by observation and experiment that a certain

amount of temperature is necessary for the perfect develop-

ment of a plant, the amount varying for different plants.

Some trees and shrubs that thrive in this country rarely,

if ever, flower ; others flower, but never, or very seldom,
produce seed. This difference in constitution is a problem
difiicult of solution. The dahlia and heliotrope, the potato
and kidney-bean, all attain full development in this country
during the warmer months, but their constitution appears
to be the same as when they were first introduced, or the
same as newly-imported strains, for a very slight frost

destroys their tissues, and a healthy plant is thereby
reduced, in less than twenty-four hours, to a black decaying
mass. To look at, a seedling groundsel is as delicate and
tender an organism as a seedling cucumber

; yet the seed of

one will germinate and grow in a temperature a few degrees
above the freezing point, whilst the other requires a
considerable amount of heat, and only really flourishes in

the open air in England during our most favourable—that

is to say, our warmest—summers. On the other hand,
there are some plants of a hardy nature that will grow under
widely different atmospheric conditions. In other words, the
difference between the maximum and minimum sums of

temperature under which they will fully develop is very
large. Other plants will bear one or more sharp frosts

without much injury, but a long continuation or succession

of sharp frosts wiU kill them. Perpetual frost would, of

course, eventually destroy all plant life, because it prevents

growth. But in Arctic and Alpine regions—in fact, in

nearly all cold countries—vegetation is protected by snow,

and it may be said in a general way that the temperature

of tho soil is higher in cold weather and lower in hot

weather than that of the air. Other plants are prevented

from dying out, through exposure to excessive heat, or

cold, or drought, by the fact that, although they flower

only once, they produce seed in abundance. The seeds of

such plants will bear exposure to the greatest solar heat,

or to intense frost, or to the most prolonged droughts,

without losing their vitality. These general explanations

will render intelligible the existence and reproduction of

plants under conditions that one might otherwise con-

sider destructive of living organisms, whether animal or

vegetable.

Generally speaking, the same causes determine the

character and composition of vegetation in high altitudes

as well as in high latitudes.

In the extreme land limit reached by the British Polar

Expedition in 1876 flowering plants were found, and there

is every reason to suppose that if there were land at the

Pole itself there also plants would exist. Ward Hunt
Island, 83° 4', and Cape Columbia, 88° 8', were the most

northern points at which plants were collected. In the

latter locality grew Saxifraga oppodtifolia, a charming

little plant that inhabits the mountains of tho British

Islands, and also grows freely under cultivation down to

the sea-level in the South of England. It is found

throughout the Arctic zone, and has an exceedingly wide

range outside of the Arctic regions, in the mountains of

Europe and Asia, including the Himalayas, up to an

altitude of seventeen thousand feet.

In this connection it is worthy of note that a saxifrage

{Saxifratja BoiissinijduUii) has been found at as great an

altitude—namely, sixteen thousand five hundred feet—if

not greater, than any other flowering plant in the Andes

of South America. When this discovery was made, it

was supposed that there was little probability of any

flowering plant being found at a greater elevation in any

part of the world, especially as the locality is close under

the Equator ; but, as will be presently shown, plants have

since been discovered at much greater elevations.

It is singular, too, that another member of the same

genus (S. hicuspidata) reaches the southern Umit of

flowering plants in Hermite Island, Cape Horn. This

species is remarkable for its very small flowers, and the

forcep-like appendages at the tips of the leaves, very

similar to those of an earwig.

Papaver nudicaule, commonly cultivated and known as

the Iceland poppy, was collected on Ward Hunt Island.

This also ranges all round the northern hemisphere, but

it is not wild in the British Islands.

Altogether, thirty species of flowering plants were col-

lected north of the eighty-second parallel of latitude, and

about half of them are British.

As to the conditions under which plants grow in these

high latitudes, and the forms they assume, it may be

stated generally that they gradually diminish in size and

frequency ; that they never produce ripe seed, and there-

fore only increase by their creeping stems, above or below

the surface of the soil. The vegetation on the northern

slopes is more luxuriant than on the southern, because it

gets more sun on that side. Observations on the vertical

range of plants in Discovery Bay (81° 12) gave two

thousand as the maximum. To this altitude the poppy,

two species of saxifrage, and a kind of whitlow grass

ascended. Indeed, vegetation is limited by the line of

perpetual snow, varying greatly in different localities.

Scanty as the herbage is, a variety of animals subsist
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entirely on vegetable food, such as the lemming, hare,

goose, musk ox, and reindeer.

Although no seed is produced in the higher latitudes,

seed taken there germinated and grew during the summer
in a temperature almost constantly as low as thirty-three

degrees Fahrenheit. As no seed is produced, it follows

that the present Arctic vegetation must be the remnant of

a former more extensive flora ; but, apart from this fact,

there is abundant fossil evidence, both animal and vegetable,

of very dil&rent conditions from the present.

Another curious point in connection with Arctic vegetation

is the fact that only the surface of the soil thaws during

the short summer, so that the roots of plants are in a

medium bordering on the freezing point. This phenomenon
may occasionally be seen exemplitied in this country, where

one portion of a grape vine, for example, is under glass

and the other out of doors. The sheltered part, in spite

of external cold, will grow and produce fruit, whilst the

exposed part will remain dormant until spring.

I have not much space left for the discussion of the

altitudinal limits of flowering plants, but a few of the

leading facts will suffice. Contrary to what might have

been expected, considering the latitude, it is in the

region of the greatest elevation—in North India and

Central Asia—where flowering plants reach the highest

levels of any part of the world. The comparatively

recent explorations of Conway, Rockhill, Thorold, and

others, have yielded some highly interesting results.

The collection made by Dr. Thorold may be taken as an

illustration of this high-level vegetation. Dr. Thorold

accompanied Captain Bower across Tibet from west to

east, from Ladak to China. The route lay between 80^

and 84° north latitude, at an average altitude of fifteen

thousand feet, or about the same as the summit of Mont
Blanc. As may be imagined, the climate is very severe

and the vegetation exceedingly scanty
;
yet upwards of a

hundred species of flowering plants were collected, with

few exceptions belonging to genera represented in the

British flora. Considering the altitude, this number is

large as compared with what is found in other parts of the

world ; but when we reflect that as many species may be

found on an acre of ground in this country, and that those

hundred or so species were the fruits of five months' march
through twenty degrees of longitude, we begin to realize

the extreme poverty of the flora. Throughout this long

journey, not a tree, not even a bush, was seen ; none of the

plants were more than a foot high, and most of them
not more than two or three inches. They nowhere formed

a carpet, but occun-ed singly or few together, and at long

intervals. Plants having large descending roots, a rosette

of leaves flat on the ground, with flowers nestling close in

the centre, are characteristic of this region. Many of

these belong to the thistle family. There are also butter-

cups, larkspurs, poppies, scurvy grass, saxifrages, asters,

dandelions, wormwoods, primroses, gentians, and grasses.

Contrary to what is the case in the Arctic regions, about

half of the species are peculiar to this great upland country.

About sixty of them were collected at altitudes between

seventeen thousand and nineteen thousand feet, and of

these half a dozen were found above eighteen thousand

feet. One only was met with at nineteen thousand feet.

This is SdKssitrca tiiiliirti/hi, a plant densely clothed with

woolly hairs. A species of the same genus inhabits the

mountains of the North of England and Wales.

[In the series of articles of which this is the last, I have

almost confined myself to a statement of facts of the

present distribution of plants over the surface of the earth.

I have pointed out that the domestic weeds and cornfield

weeds of Europe have spread in temperate and sub-tropical

countries almost as widely and rapidly as man, for the

greater part unintentionally introduced by him with the

seeds of his cultivated plants ; and I may add that there

has been no counter current to speak of. This is to be

accounted for by the fact that in the uncivilized countries

now colonized by European races, there was little or no
cultivation and there were no roads ; consequently there

were no plants that had adapted themselves to the

conditions of life connected with civilization. It is true

that a few exceptions might be named, but they prove the

general statement. Many readers, doubtless, wiU remem-
ber the American water-weed (Anncliaris canadensis), which
invaded this country about fifty years ago, and spread at such

a surprisingly rapid rate that it soon choked ponds, ditches,

and brooks from one end of the country to the other.

This has since lost much of its former vigour, and is now
more easily combatted.

I also alluded to the planting of remote islands bv
means of oceanic currents, tidal waves, and birds con-

veying seeds which retain their vitality after long immer-
sion in sea water, or after passing through the intestinal

canal of a bird. But these agencies, much as they may
have eflfected, count for little as against the great physical

changes which our earth has undergone during the count-

less years which must have elapsed since the first fossil

remains were deposited and petrified, which now serve as

history—undated, it is true—of a past that is unfathom-
able.!

OUR FUR PRODUCERS.-VI.
EODENTS, UNGULATES, AND MARSUPIALS.

By E. Lydekker, B.A.Cantab., F.R.S.

NUMERICALLY a high position in the fur trade

is occupied by the skins of certain species of

the order of rodents, or gnawing mammals,
although several of these are of little value

individually, and their importance in the market
is solely due to the numbers in which they are collected.

Among such rodents we may first notice the common
squirrel, which has an extremely wide geographical range,

extending from England in the West to .lapau in the East,

and reaching northwards to Siberia. In the first half of

the century the trade in squirrel skins was enormous, over

two and three-quarter millions havmg been imported into

this country in the year isBO. Since that date the numbers
have declined, although it is at present impossible to obtain

exact data ; but that the trade is even now very consider-

able may be gathered from the fact that the annual import
from Ockotsk alone to London varies from fifty to a hundred
thousand. Squirrel skins are subject to considerable

variation in colour according to locality, those from the

Russian province of Kazan having the red tinge very

strongly pronounced, while to the east of the Urals greyer

species are met with ; and in parts of Siberia and Japan
the general colour is slaty blue or blackish, the ears and
tails being almost entirely black. The darker the fur the

greater the value of the skin. The great squirrel-dressing

centre is Weissenfels, in Germany, where some establish-

ments prepare half a million skins annually. The skins

are cut up into backs, bellies, and tails ; and while the

first of these are used for capes, trimmings, and the linings

of gloves, the second form the bluish while linings of

opera and other cloaks. Tails, on the other hand, are

made up into fringes for mantles, or into boas : while the

hair, when removed, is used for the manufacture of the

so-called camcl's-hair paint brushes. Although a few of

the larger skins are dyed in imitation of marten, squirrel
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fur is nearly always used of the natural colour ; but, as it

will felt, it is occasionally employed in the manufacture
of bats.

Altbougli a few skins of the small Indian striped squirrel

fSriiii-K.t ixiliiiiinnii i and of the American grey squirrel

I S. cnrolint'nsix) find their way into the market, the next

species of any commercial importance is the red squirrel,

or chickari /'S'. Iniilxonidiius ), of North America. Like

the next, it is chielly used for the cheaper kinds of mantles.

Head of Bull Musk Ox.

The small, burrowing, Russian animal, allied to the
squirrels and known a,3 the snalik ( Sjuriiiojihiliis citilhts J,

has only recently come to form an item in the fur trade,
but we have no record of the amount of the import.
The harshness of their fur renders the skins of the

marmots (An-tonujs i but ill adapted to the requirements of
the furrier. Nevertheless, as many as fifty thousand pelts
of the Russian marmot i A. hohac) have been imported in
a single year, while of the American species (A. monux)
some four or five hundred come into the market. Some
thousand skins of Arctic marmots are also sometimes
imported. They are generally used for rugs, although
some are dyed brown and made up into capes.

In the old days, when its fur was used in the manu-
facture of " stove-pipe " hats, the American beaver was
one of the most important of all mammals in the fur trade.

but this manufacture has almost entirely ceased. Still,

the importation of skins is even now very considerable,

and would doubtless be larger were it not that the

numbers of the animal have been so reduced by constant

persecution. Jn the year 1H!)1, Mr. Poland states that

over sixty-three thousand beaver skins were sold by the

Hudson JJay Company. At the present day the skins are

used either in the natural state, or with the longer hairs

removed so as to display the under-fur, while in some
cases they are dyed brown or black. Sometimes they are
" painted " by the introduction of white hairs to imitate

sea-otter, and in some instances they are silvered at the

tips by means of acid. When finished, they are usually

worked up into trimmings, cuffs, or muffs, but a few

clipped skins are used for glove-tops. In Europe the

beaver is too nearly exterminated for its fur to be of any
commercial importance.

Although a few skins of the

Australian water-rat (lli/dromi/s)

are from time to time imported,

the next animal on our list is the

well - known European hamster
[Crici'tus frumentarius), which is a

member of the great mouse tribe

(
Muriila). Many thousands of pelts

are yearly imported into England,
which may be recognized by their

varied colours, the upper parts being

mostly brownish grey, with blue

under-fur, while the lower surface

is black. Of far more importance
is the American musquash , or musk-
rat (Fibei- :ibethicus), which is a

near ally of our own water-rat, and
yields a beautifully soft fur varying

in colour from umber brown to

black. Upwards of three or four

million skins yearly come into the

market, the Hudson Bay Company
having alone sold more than
half a million in 1891. Twenty
years ago nearly four shillings each

were paid for the best black skins, but the present price

is less than two. They are made up either in the natural

state or dyed black, or some shade of brown ; while a

certain number are "pulled" and dyed to imitate sealskin.

The next important rodent in the fur trade is the South
American coypu (Miidpotamus cai/pu), a large animal with

somewhat the habits, colour, and appearance of a beaver,

but with a tail of ordinary proportions, and bright red

incisor teeth. It is, however, no relation to the beaver,

but belongs to the great family of the (JctodontidcB, most
of the members of which are South American, although a

few are African. Both in its native land and in the fur

trade the animal is known as nutria (the Spanish name for

otter) ; and the skins are removed by slitting up the

middle of the back, so as to preserve intact the fine fur of

the under surface. From three hundred thousand to half

a million skins are annually collected. Either in the

natural condition or " pulled," the fur is dyed dark brown
or black ; and in the latter condition forms one of the

best imitations of sealskin. Sometimes the "pulled " fur

is silvered to imitate sea-otter.

The most beautiful and, for its size, the most valuable

of all South American rodent furs is, however, that of the

little chinchilla {Eriomi/s chiurhilln) of the Andes, which

belongs to the exclusively South American family of the

Lai/ostoiiiatidcB, typically represented by the viscacha of the

Argentine pampas. Chinchilla fur is the fiaest and most
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delicate of all furs, and is generally of a pearly French
grey tint, although white, and less commonly drab, varieties
occur. The animal is, however, but small, measuring
only about nme inches to the root of the rather long tail"
so that many pelts are required to make a garment of any
size. From live thousand to eighty thousand is stated to
be the number of skins annually reaching this country

;

and many more are used in South America. Tippets!
capes, and muffs of chinchilla fur are highly appreciated,
and nearly always in fashion. Viscacha fur. although
soft m texture, is not durable, and therefore unfit for the
purposes of the furrier.

The only other rodents of importance in the fur trade
are the various species of hares and the rabbit. Of the
number of skins of the common hare {Lepm euiopcem) I

Beindeer. One-fifteenth natural size

that annually come into the market, it is impossible to

form any accurate estimate, although it is certain that it

must be enormous. The value per skin is, however,
trifling. More valuable are the pelts of the mountain hare

(L. timiilits) of Northern Europe, and of the nearly allied

Polar hare (/.. (urtu-its) of the northern regions of the

New World, in both of which, when the cold is sulliciently

intense, the fur turns white in winter. From Kussia
alone between two and five million pelts of the I'kiropean

species are imported, a large proportion of which are in

the white winter coat. In regard to these, Mr. Poland
writes that a large number " are used for fur purposes, both
natural white, in imitation of white fox, and dyed lynx
colour, brown, dark brown, black, and snowtlake. The
peculiar dye called snowflake is produced by passing a

solution of was over the points of the fur, and then dying"
the under-fur a beautiful brown. The tips of the hairs thua
retain their natural white colour. The wax covering is
removed, the skins are cleaned, and the fur has then a
beautiful appearance somewhat like silver fox." Of the
brown American hare (L. americanus), which is a more
southern form than the Polar hare, nearly ninety thousand
skins were imported in 1S91.
On account of its extreme cheapness, rabbit fur is one

of the most widely used for common purposes of all,
although it is by no means durable, and soon begins to
show signs of wear. The total annual collection from all
parts of the world must be something enormous, France
and Belgium accounting for about two millions, while the
Enghsh skins are stated to average thirty millions. With

the exception of that of
the musquash andsquirrel,
the fur of the rabbit is

used more extensively

than that of any other
animal. When chpped
and dyed, it is used in

imitation of various other
furs of much higher value
—such as seal and beaver
—while some white skins
are dyed snowflake.

Of mammals belonging
to other orders whose fur

is of any commercial im-
portance, space compels
our notice to be of the
briefest. The Insectivora
lay claim to only two
species that come within
this category, the first of
these being the common
mole. Although mole fur

is exceedingly soft and
beautiful, the small size

of the skin renders it

much less valuable than
would otherwise be the
case, and consequently
only a few thousand skins
are annually collected.

The other species is the
Russian desman (Mi/oijalr

moscluitd), an aquatic
animal, with a long trunk-
like muzzle and dark pur-
plish fur, which may be
compared in size to a
large water-vole. Between

six and twelve thousand skins is stated to be the annual
collection of this species. They are chiefly used as trim-
mings for mantles, and less commonly for glove-tops, but find
more favour in America than on this side of the .\tlantic.

Although many members of the hoofed, or ungulate,
order arc fur producers in the widest sense of the word,
their products are in several cases mainly employed in

the manufacture of textile fabrics, and accordingly do not
come within our province on the present occasion. Of
the species yielding a true fur, one of the most important
was the American bison, or, as it is incorrectly called, buffalo.

Although formerly the annual collection of " buflalo robes
"

amounted to between one hundred and fifty thousand and
two hundred thousand, while as late as 1879 fifty thousand
were obtained in the United States, and nearly three
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thousand robes and skins imported into London, the trade,

owing to the practical extermination of this fine animal,

has entirely come to an end. From their warmth—greater

tliiiu that of any other fur

—

buU"iilo robes proved by far the

best of all sleigh wraps. An
excellent substitute is, however,
now found in the skin of the

musk-ox (I >riliiis moscJidtKs) of

Arctic America. Although
there is a very large trade in

antelope skins for leather, but

few of these are used as fur.

Handsome rugs are, however,
made of sprinbuck pelts, the

line of long erectile white hairs

down the middle of the back
forming a pleasing contrast to

the general chestnut tint of the

fur. Of late years a consider-

able trade has sprung up in

rugs made of grey goats' skin,

which come from China ; and
the pelts of the long-haired

Russian goat, when dyed, are

employed for a similar purpose.

More valuable are those of the

Angora goat, in which the

pellage is still longer and
softer. The trade in China
goatskin rugs is, however, still more extensive, four
hundred thousand having been imported in a single year,

and these representing more than double that number
of animals. Mongolian goat-skins exceed even these in

number, the import reaching to between thirty and eighty
thousand.

To give any adequate account of the use of the pellage
of the various breeds of sheep in the fur trade would far

exceed our limits, and a few words must accordingly
suffice. Those skins with the longest and curliest wool are
used, when dyed, for fringes and tassels ; such as have a
shorter staple are made into mats and rugs ; whilst the
shortest of all are made into saddle-cloths for our cavalry.
Even more extensive is the use of lambskins—especially

those of newly-born animals—these being employed for

glove-linings, the trimmings of coats, and the lining of
those Eastern coatlike garments known as postins. The
finest of all are the Persian and Astracan skins, both of
which take a brilliant black dye, and are soft, short, and
beautifully curled. Canada and the I'nited States are now
the great marts for astracan, this fur not being in fashion
at home.

Of the deer family, the only one of much importance
from our present point of view is the reindeer, the skins
of which furnish the entire dress of the Lapps and
Eskimo. Some eight hundred skins of the American
variety are yearly imported into London, and are sent to
be dressed in Germany. Of these the youngest and finest

find much favour in Eussia as linings. The other fur-

bearing ungulates are all South American, and include the
domesticated llama and alpaca, and their wild allies the
guanaco and vicuna

; all being near relatives of the camels
of the Old World. The domesticated kinds are mainly
kept as beasts of burden, and for their wool ; but the
guanaco and vicuna yield a beautiful pale fawn-coloured
fur, much esteemed as rugs.

But few lines remain for the consideration of marsupials
as fur producers. Most important of all are the so-called
opossums of Australia, which, as our zoological readers

are doubtless aware, are not opossums at all, but

phalangers {Trlrliosurux). The Ijoautiful soft grey fur of

an opossum rug is too familiar to need any description,

Koala. Onc-sixtli natural size.

and it must suffice that the total import of opossum
skins into London in 1891 reached the enormous total

of three millions. These comprise varieties from different

districts.

Although the name of opossum has been usurped in

the fur trade by phalanger skins, the true American
opossums (DiiU'lji/ii/s) are by no means unknown. Of
the common opossum, between two hundred thousand and
three hundred thousand skins are annually imported.
Although somewhat coarse, the fur is thick and durable

;

and, either in the natural state or dyed of some dark hue,
or grey, is largely employed for such articles as muffs
and capes.

Of the other Australian marsupials, the most important
in the trade is the koala, or native bear (Phascolairtus),

a climbing creature with greyish fur, and the longer hairs

tipped with white. In 18h9 no less than three hundred
thousand skins were imported, although the number is

generally considerably less. Next to the koala comes the

carnivorous spotted dasyure {Ihi.sijurus rirerrini(s). The
chief use of this fur is for linings. Another group of

Australian fur-yielders are the ring-tailed phalangers
{Pseudochinis}, of which from two to three thousand pelts

are imported. Of the various kinds of kangaroos and
wallabies an enormous number of skins are collected, but
as a very large proportion of these are consigned to the

tanner, it would be useless to give any numerical details.

Of the younger and smaller kinds the fur is employed for

rugs and coats.

Had we more space at our disposal much fuller details

concerning the fur trade might have been given. Sufficient

has, however, been stated to show how the earth is

ransacked from Pole to Pole in order to obtain the most
beautiful of these lovely products, and also to indicate how
enormous is the destruction of animal life due to this

trade alone. May we hope that, while there is yet time,

civilized Governments may unite in taking measures to

prevent the extermination of any more species by a foolish

greed ?
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STAR SYSTEMS.
To tJie Editors of Knowledge.

SiBs,—Considering the great distance which must
separate the second-magnitude stars in the Great Bear
(for the parallax does not seem to be in any case consider-
able), it seems very improbable that they constitute a
system. Determinations of small proper motions are
always unreliable, and with none of these stars is the
proper motion large. But agreement, even in large proper
motions, i."? often found (though, of course, not quite exact)
in cases where the stars do not form a system. Thus the
proper motions of three of our first-magnitude stars are as
follows (I take them from the Cincinnati Catalogue) :

—

I'roper Motion.
R A. Declination.

Sirius , ... .. - 037 - 1-20

Procyon -0047 -103
And Arcturus is not very dissimilar, viz., E.A. -0080,
declination — l-OS. Looking through the Cincinnati

Catalogue I get the following smaller stars with motions
very like the foregoing, all of which are much over the

average :

—

E.A. Declination.

Lalande 30044 -0030 -1-39
Lalande 301)94 ... -0 049 -1-49
Lalande 31055 -00B2 -115
36 Ophiuchi -0 039 - 1 IS

Oeltz-Arg. 17415 -0069 -1-25
W. 23h. 175 -0035 -1-21

There is a small star near 3(j Ophiuchi whose proper

motion is almost identical with it. Can we suppose that

all of these stars, or even any considerable proportion of

them, belong to the same system ? The proper motion of

the last-named star and of 36 Ophiuchi agrees almost

exactly with that of Sirius, but their situations in the sky

are as follow :

—

E.A. Declination.

Sirius 6h. 41m. - 16' 37'

36 Ophiuchi 17h. 9m. -26^27'
W. 23h. 175 23h. 12ni. -14=22'

The three Lalande stars 30044, 30694, and 310.55 are

probably really nearer to each other than the stars in the

Great Bear. I might, perhaps, have added til Virginis to

the foregoing list.

Probably a very considerable part of the apparent proper

motion of a star is due to the sun's motion in space. The
!

effect of this will be different when the stars differ in :

position. The apparent motion will moreover be, cetn-is

/Kiril'Wi, increased in the same proportion as the parallax
;

and of two stars which apparently aijree one may be at

double the distance of the other with half the parallax.

But until we know the motion of each star in the line of

sight we are further at sea. The effect of this may be

to render the real motion of the two stars which we are

comparini,' altogether different.

Among the proper motions of many thousands of stars

there must be a large number of chance coincidences. It

is only when there is something exceptional in the proper

motions, or in the position of the stars which we are com-
paring, that we can draw any inference. Thus, I think,

though no satisfactory orbit has yet been determined for

61 Cygni, we may conclude that the pair are physically

connected. For the motion is exceptionally large, the

stars lie close together on the sphere, and it seems to be

ascertained that they have almost the same parallax.

Indeed, they seem to be ia reality so near each other that

their mutual attraction must seriously affect the motions
of both. W. H. S. MuNLK.

A VERT EXTENDED STREAM OF SCXSPOTS.
To the Editors of Kxowledge.

Sirs,—I have been much interested in the article on
" A Very Extended Stream of Sunspots," in the November
Number of Kxowi,Ei)r,E, and in the exquisite illustrations

accompanying it.

Perhaps your readers may hke to know that this
wonderful outburst did not return when due after rotation,
with the exception of a very small spot in the same posi-

tion, or nearly so, as the " herald spot " alluded to in that
article, although a vast expanse of faculae, visible on the
eastern limb of the sun's disc, and again on the western
limb, testified to the dying embers of the great distirrbince.

If I may be permitted to criticize, I should like to
enquire the special meaning attached in this case to the
term "nebulosity,'' which does not seem quite applicable
to the small fragmentary spots indicated, yet can hardly
be intended to signify the faculous hght sometimes
apparent even when the spots are far advanced towards
the centre. The word " bivalve, " on the other hand, as
applied to segmented spots, is singularly appropriate in
describing a type very distinct and of frequent occurrence.

This stream was observed, and drawings, as well as
photographs, secured, by the members of the Solar Section
of the British Astronomical Association during eleven
days out of the thirteen during which it was visible.

E. Bbowm.
[By " nebulosity " I wished to indicate the LU-defined,

faint, dusky markings seen in some parts of the great group
in its earlier days.—E. W.\lier M\c.ndkk.]

VARIABLE ?;TARS.

To the Editors of Knowledge.
SiBs,—Since the article on the above subject, which

appeared in the August Number of Knowxedge, was written.
Dr. Chandler's "Third Catalogue of Variable Stars" has
been published. It may therefore be interesting to note
the progress recently made in this branch of astronomy, by
comparing this catalogue and the preceding one. The
total number of variable stars in the Third Catalogue is

three hundred and ninety-four, against three hundred and
forty-three in the Second, and one hundred and eighty-

seven in Mr. Gore's Catalogue of 1^86. Thus tifty-one

stars have been discovered or confirmed in the interval

between the Second and Third Catalogues, a noteworthy
addition to our knowledge in this department. In fact, if

we go on advancing at the same rate in the future, it is

very probable that the number of variables may exceed
the number of the known asteroids.

'I'he comparison in the classification of the stars is as

follows :

—

CI. r. II. Ill IV. V. Total.

Second Catalogue and Supplement 11 239 31 47 15 3+3
Deduct not confinucd ... ... — 4 — 1 — 5

Add since discovoivd

11 233 31 46 13 338
2 47 — 6 X 56

Third Cntiiloguc ... ... . 13 282 31 52 16 394

The classes have the same signiGcation as in the article

alluded to, viz. :

—

I. Temporary or new stars.

II. Variation of one hundred days and upwards.
III. Irregular.

IV. Variations of less than one hundred days.

V. Algol type.

The long-period variables continue their superiority in

numbers, while only two new and one Algol type have
been added.

As regards distribution in hemispheres, there are now
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one hundred aud ninety-six in the northern hemisphere
and one hundred and ninety-eight in the southern
hemisphere. Tims the distribution by hemispheres is

practically equal.

It is obviously unsafe to generalize on the distribution

of the variables in space, seeing how rapidly their number
is increasing. Anyone who examines the new catalogue
cannot fail to observe how many stars there are whose
periods are not yet determined, and consequently what a
large field of work is here open to the industrious observer,

especially in the southern sky. The amount of labour
spent in compiling this epoch-making catalogue must have
been enormous, considering how observations of variables

are scattered over the scientific periodicals of ditl'erent

countries, and it is clearly far and away ahead in fulness

and accuracy of anything of the sort previously produced.
I may now state the small errors which have crept into

the article in the August Number. Class II. should be
two hundred and thirty-nine ; Class III., thirty-one

;

Class v., fifteen, instead of the numbers there given.

The tables of analysis of II. and IV. are quite correct,

but it was omitted to be stated that a large number
of stars had no period assigned, and consequently could
not be analyzed. In the article such doubtful stars

were included in the enumeration in Class II., or long
period, as it is most reasonable to suppose they will—most
of them at least—turn out to have long periods of variation.

A short-period star will reveal its variation quicker than a
long one. The same remark applies to the Third Catalogue.

It is a great question whether it is possible to bind down
some of these long-period stars by mathematical formulai.

Surely the maximum of such a star is a phenomenon in-

timately connected with chemical changes, the behaviour
of gases under conditions unknown to us, and with elec-

trical forces. Have we any formula to enable us to predict

a sunspot maximum '.' H7ic« we have, then we may have
some hope about a changing star ; but at present it cannot
be treated in the same way as we would the perihelion

passage of a comet, where the laws and conditions ai-e

definitely known and can be applied in the study. As
Mr. Flanery says, Mira, the most interesting star of the
class, is as great a mystery as ever.

E. E. Markwick, Lieut. -Col.

Gibraltar, October, 189(5.

mira' CETI.

To the Editors of Knowledge.

SiBs,—A maximum of Mira o Ceti was due, according

to Chandler's " Second Catalogue," and the " Companion,"
on November 3rd, the night before last ; but the star had
not quite reached 7'6 magnitude. My search for Mira this

season began September 1st, but not until September 28th
was a sight of it obtained, It was seen definitely then at

or near ninth magnitude, an unusually clear night. Two
or three news of it were obtained on as many nights

following, but it was then lost and not seen again. Moon
large and clouds interfering till October 28th and 2f»th,

when it was about 7'8 magnitude. November 2nd it was
7'6 magnitude. R Leonis is also on the rise, visible in

the early morning. It was 7'3 magnitude this morning.
Its maximum is due in December.
Memphis, Tenn., DAvm Flaneby.

5th November, 1896.

LUNAR RAINBOW.
To the Editors of Knowledge.

Sirs,—On the night of the 25th October, at 9.35 p.m.,

I was fortunate enough to observe a third fine lunar rain-

bow. The bow was this time quite complete, and about

one-third of the circumference of the circle long. It shone
with a silvery white light, but showed traces of colour,
especially green, at its extremities. It gradually faded
away, beginning at the middle ; and at !».43 it had com-
pletely disappeared. It is remarkable how many lunar
rainbows have been seen during the last few months.
Esmouth. __..,^ J- 3\[. Wadmoee.

THE THEORY OF THE TIDES.

To the Editors of Knowledge.

Sirs,—I trust that Mr. Cornish will acquit me of any
desire to gain an academic victory. My sole desire is to
elicit and to spread a tolerably accurate knowledge of a
very abstruse subject. I do not for a moment doubt that
he has a knowledge of all that is known on the subject

;

but I think that anyone reading his original woi-ds would
receive the impression that the "second" tide is caused
by the moon drawing the earth from under the water,
which is just the old stock fallacy of popular tidal

literature. I might apply a similar remark to Sir E. Ball,

whose " Time and Tide " is so often quoted by amateur
disputants.

jMr. Cookson's letter, which appeared in the August
Number, raises an ingenious and, as far as I know, a novel
speculation. It would seem very natural to suppose that
the huge barrier wall of the west coast of the Americas
must rejU-ct the tidal wave impinging against it ; but how
far it actually does so, and, still more, whether this is in
any degree responsible for the " second tide," is a question
which I at least cannot answer.
The study of the " establishment of the port," as derived

from practical observation, is a very complicated affair

indeed.

We know that where there is an irregular coast-line
there may be two ports, relatively near to each other, at

one of which the " primary " tide may be almost simul-
taneous with the " secondary " tide at the other. But, as
far as I am aware, all ports that have any tide have two
tides each day, nearly equal in height, and pretty accurately
twelve hours apart.

Let us consider the case of the Galapagos Islands, which
lie some eight hundred miles off the west coast of Ecuador,
and roughly ten thousand miles from the east coast of

Asia. Now, if Mr. Cookson's speculations are accurate,
the "secondary" tide (rebounding from the west coast

of Ecuador) ought to occur only about an hour later than
the "primary " tide which has followed the moon from the
coast of Asia. But is this the case ? Will someone who
has a comprehensive list of tide tables answer this

question '?

I am glad that this fascinating problem is interesting so

many readers. May I, in conclusion, draw their attention

to a small book on the " Elementary Theory of the Tides,"
by Prof. Abbott ? This is the only book I have met with
that gives an accurate idea of what is known about the
tides, expressed in terms that are intelligible to anyone
who possesses a knowledge of elementary mathematics.
I am of opinion that no one (apart from trained mathe-
maticians) who has not read this book can be in a position

to grasp the theory of tide production. It does not claim
to be original, but is a simplified extract from Sir George
Airy's treatise. C. Eobinson.

August 1st.

THERIDION LINEATUM AND N0TE3 ON SPIDER3.

To the Editors of Knowledge.

Sirs,—With reference to the Rev. S. Barber's letter and
article appearing in Knowledge for September and
October, if the Rev. S. Barber has any doubt about " a new
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variety" of T. lineatum, I would advise Lim to send it

to the Eev. 0. Pickard-Cambridge, Bloxworth Rectory,
Wareham.
From the account of the shooting lines, etc., I should

imagine Elmsett to be a venj wonderful place for spiders,

though I much doubt if anyone could rise from his seat,

go to the window, etc., without creating enough draught
to float a spider's thread.

The second " marvellous illustration " loses all its charm
from the fact that there are so many draughts about a

dinner party, which might account for the strange lines

being seen.
^^

A Sptoeeman.

EUNES AND O&nAMS.
To the Editors of Knowledge,

Sirs,—In the October Number of Knowledge, page 233,

I notice that " runes " were found on the Potomac Eiver.

I happened to be in Washington when this hoax was
started in a local paper, probably as an advertisement for

a storekeeper in whose window the copy of the alleged

inscription was exhibited. The thing was so palpably

absurd that few were deceived. The translation, no doubt,

was perfect. This happened nearly thirty years ago, and
is a specimen of the survival of the unfittest.

Washington, D.C., U.S.A. Chas. A. Bchott.
October 18th, 1896.

On page 251 of Kj.owledqe for November, Prof. Auvvers' name
was. by a priater's error, spelt " Amvers."

Koticcs of ISoofeg.

Applied Magnetism. An Introduction t<i the Denii/n of
Electmnifiiinetic Apparatus. By J. A. Kingdon, B.A.
(Alabaster, Gatehouse, & Co.) Illustrated. 7s. 6d. In
mathematical works it has been usual to discuss the
phenomena and laws of magnetism from the point of

view of a unit magnetic pole. But a magnet has
two poles, and the result of building upon the idea
of the work done by or upon isolated poles is a mass
of theory of little practical value. A simpler and much
more satisfactory way to treat the subject is to con-

sider a magnet as a conductor of a flow or flux of mag-
netism, and thus analogous to an electric conductor. The
force or agency—it may be an electric current or a per-

manent magnet—which sets up magnetic flux is called the
magnetomotive force, and is similar to electromotive force,

while the magnetic current or total magnetic flux is found by
dividing the magnetomotive force by the magnetic resistance,

or reluctance, as it is called. The work before us is dis-

tinguished by the fact that this magnetic resistance method
of dealing with magnetism is followed. The result is a
clear and simple description of modern ideas of magnetism
applied to the design of dynamos and other electromagnetic
apparatus. In sixteen chapters the author deals with the
general principles of magnetism, electromagnetic units,

magnetomotive force, magnetic traction, generation of

electromotive force, qualitative magnetism, the alternator,

the dynamo, magnets and magnetic leakage, commutators
and collectors, hysteresis, alternating magnetic flux, electro-

motors, polyphase currents and rotary fields, and magnetic
measurements.

The nomenclature of magnetic imits is still in a some-
what undefined condition, but the diflerence of opinion
that exists as to the names to bo yiven to practical

magnetic units does not, of coui-se, aft'ect the character of
Mr. Kingdon's work, which is excellent in text and
arrangement, and will serve to give students of electrical

engineering exact ideas on the science of magnetism
without the use of higher mathematics.

The Wonders of Modern Mechanism. By C. H. Cochrane.
(Illinois : Lippincott.) The author has given in this book
wonderfully clear and simple explanations of a great
many inventions and mechanical appliances. It is

essentially a popular account of the wonders of modem
mechanism, and the author has been eminently successful

in imparting a great deal of knowledge in simple terms.
In order to show the scope of the book, we may mention
that it treats of the following, amongst a large number of
subjects:—Bridges, electricity, ships, horseless vehicles,

mining and many other kinds of machinery, printing, and
other industries. It will be read with the greatest interest

by everyone, and will prove useful as a book of reference,

although a complete index would have made it much more
valuable in this respect.

BOOKS EECEIVED.
Worms. Rotifers, and Toli/zoa. By F. W. CramblC; M.Sc. : Miss

L. Sheldon : A. E. Shipley, M.A. ; and Others. (MaomiUan.)
Illustrated. Its.

Prehi'^loric Man and Beast. Br Kev. H N. Hutchinson, B.A.,
F.G.S. (Smith. Elder.) Illustrated. lOs. 6d.

Bahif and Instinct. By C. Lloyd Morgan, F.G.S. (Arnold.)
Illustrat«d. 16s.

T/ie Clue to the Ages. By E. J. Page. (Baptist Tract and Book
Society.)

Auiotjiograpliy of Sir George 3. Airg. K.C.S.. M.A., LL.D.. F.R.S.
Edited by Wilfrid Airy, B.A. (Cambridge University Press ) 12s.

Life in Ponds and Sljvams. By W. Furncaux, F.R.Gr.S.

(Longmans.) Illustrated. 12s. 6d.

Sound the Tenr. By Prof. L. C. Miall, F.K.S. (ilacmillan.)
Illu9trat«d. OS.

Tospph Thomson, African Explorer, By his Brother. (Sampson
Low.) Illustrated.

Alternating Currents. By D. C. and J. P. Jackson. (MaomiUan.)
Illustrated. 14s.

Higher Mathematics. By Mansfield ilerrinian and R. S. AVoodward.
(New York: Wiley, London : Chapman k Hall.) 21s.

The Gases of the Atmosphere. By William Bamsav, F.R.S.
(MaomiUan.) Illustratod. 6s.

Structural Bolani/. Part IT.—Floioerless Flints. By D. H.
Scott, M.A., F.R.S. (A. & C. Black.) Illustrated. 8s. 6d.

The Elements of Phgsics. Vol. IT.— Klecfricitg and Magnetism.
By E. L. Nichols and W. S. Franklin. (MaomilUn.) Illustratod. tjs.

'Fuel and Sefractorg Materials. By .V. H. Soxton, F.I.C.

(Blackie.) Illustrated, as.

Bell's Beader's Shakr.ipeare. Jul. II.—The Tragedies. (Hoddor.)
3.S. (id.

The Model Locomofire Engineer. By Miohucl Reynolds. New
Edition. (Crosby Lockn-ood.) Illustrated. 3s. 6d.

EIrmenlarg Decoration. ByJ. W. Facey. Third Edition. (Crosby
Lockwood.) Illustratod. 2s.

Induction Coils and Coil-Making. By F. C. .\llsop. (Spcn.)
Illustrated.

Prolileins of Blologg. By Cleorgo Saudoman, M A. (S«-aa
Sonneusohoiu

)

The Literature of Music. By J. E. Mattliow. (Elliot Slock.)

A Xeic Cour.Kr of Experimental Chemistry. By J. Castoll-Evans,
F.I.C. (Thomas Murby.) 2s. Gd.

Phgsiographg for Beginners. By .V. T. Simmons, B.Sc. (Mac-
uiillan.) Illustrated. 2s. 6d.

Bri/ish Patent Law. By H. lla's. (Whittingham.) Is 4d.

Phgsics Note Boot, with Spaces for the Pupil's Drairiugs of
Experiments. (Macmillan.) 2s. 6d.

SHORT NOTICES.
The Iteporl of the Citg and (luil Is of LondoH In^tiliitefor tSPri.li,

In this report of the work of the London Institute on behalf of " the
advancement of technical education," one cannot but fool ]utine<lthat

the artizans fail to realize the bonelit« provided for thorn by this

department. We find that only twenty-nine thousand four hundred
and ninety-four students atteuded these classes hist year, out of the
nuUlitudes of young workers who require teohnii'al training. A
second dilliculty is oxperioncod in finding competent teachers for those

trade classes, and it seems to be generally admitted that the Iwst

instruotors have yet to ho found, as witness many of tlic reports of

the examiiu'rs at the cud of tliis report.

William Wesley A Sons send us their useful eatiloguc (No. 126,

1890) on invertebrate zooIog\'. All those who desire to study tho
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biology and luorpliology of the iiivcrtebratee would do well to send
for IV lopv of this cntiilogue of scientific books and monogniphs.

In the Quarlvrlii Inti-nin/ioiinl Journal of Min'osropy mid Xn/iira!
Scienre (Octobei', lM!t6) is to bo found a sliort paper upon " The
British Hvdmchuida- "—Oonus VI., Diiihidontus—b_v Charles i).

Soar. Tlio drawings ai'e i ci'v good, but the descrijitions are very
meagre eonsicU'ring tlie literature which haa been published upon the

genus by various uiicroseopical societies.

In the Oliserrer (Portland, Comi.) for September there ai'e several

very intere.stini articles ; one, on " First Steps in the Si udv of Fishes,"

by Dr. K. VV. Sliur.Odl (Wasliiugton), is illu-trnted by a'|>latc giving

twenty-three types of Ih.s and forms of fishes. It is fidl of suggestion
to the young ichthyologist. Tliosc who are desirous of studying the
habits of the trapdoor spiders will iiiul an article on " The C'tcuzia

Californica," by F. K. (iray, who is evidently a practical observer.

The Jottinal nf r/iifsiral C/ieiiiixliy (October, ISOOI. Edited by
Wilder I). Bancroft and Joseph Vl. Trevor, of CoriU'U I'ldversity.

This is the first mnnher of what promises to be an important addition

to chemical literature when the magazine is settled into woi'king

order. There are three highly technical articles in this number

—

one, on irrcviu'sible cells, by A. E. Taylor, giving ten tables of

valuations of the electromotive forces of the cells in the various

chemical solutions descrilicd in the text; the second article is a

translation of Prof. F. \V aid's (Austria) manuscript on " Chennstry
and its Laws"; and a paper on "Ternary Mixtures" by W. J).

Bancroft.

Those iTiterested in the rise and ]irogress of mining cities will find

an illustrated pajier on " Nevada Sil\-er," by Charles H. Shinu, in

the October number of A/jple/on'.i Popular Srieiire Mon/li/i/, It

describes the finding of the gold and silver, and how " Old Pancake "

(JI. T. P. Comstock) "bluffed the good-natured discoverers into

taking himself and Manny Penrotl as equal partners." The history

of the men who discovered the mines first is graphically described.

Tlie lawsuits cost one-fifth of the products of the mines (five million

dollars) durini; IHliO to 1865. The pitched battles, forts, and the

armed men drilling, all find a place in the history of this famous
comer of Utah.

A POSSIBLE CAUSE OF CHANGE ON THE
MOON'S SURFACE.

By Chakles Davison, Sc.i)., F.G.S.

IN
spite of the fruitless search of many years, astro-

nomers have not yet apparently given up hope of

discovering changes on the moon's surface. And the

hope does not seem to be altogether without founda-

tion. In the great changes of temperature which

take place on the moon, changes which are untempered by

any atmosphere such as we possess, there resides a cause

capable perhaps of producing effects that may in time

become perceptible to our telesco^jes.

The suggestion that such may be the case is due, I

believe, to Messrs. Nasmyth and Carpenter. Paring the

Ion" lunar day, they remark, the surface attains a tempera-

ture of about 500^ F., and during the equally long lunar

night one of about - 250° F. " Such a severe range of heat

can hardly be without effect upon some of the component
materials of the lunar surface. If there be any such

materials as the vitreous lavas that are found about our

volcanoes—such as obsidian, for instance—they are doubt-

less cracked and siilintered by these extreme transitions of

temperature ; and this comparatively rapid succession of

changes continued through long ages would, we may sup-

pose, result in a disintegration of some parts of the

surface, and at length somewhat modify the selenographic

contour." On the other hand, " it is possible," they add,

" that the surface matter is mainly composed of more
crystalline and porous lavas, and these might withstand the

fierce extremes like the ' fire-brick ' of mundane manu-
facture, to which in molecular structure they may be

considered comparable. Lavas as a rule are (upon the

earth) of this unvitreous nature, and if they are of like

constitution on the moon, there will be little reason to

suspect changes from the cause we are considering. ' They

think it conceivable, however, " that the alleged changes in

the crater Linnr may have boon caused by a filling of the
crater by some such crumbling action as wo are here
contemplating.''*

In making this suggestion, Nasmyth and Carpenter are

appealing to no imaginary agency. Several instances

might be given of the splintering of terrestrial rocks by
more or less sudden cooling. It will be sufficient to men-
tion one case, observed by Livingstone in the valley of the
Gova, a river iiowing into Lake Nyassa. " Several of the

mountain-sides in this cotintry," he says, " are remarkably
steep, and the loose blocks on them sharp and angular,

without a trace of weathering. For a time we considered

the angularity of the loose fragments as evidence that the

continent was of comparatively recent formation, but we
afterwards found the operation actually going on by which
the boulders are split into these sharp fragments. The
rocks are heated by the torrid sun during the day to such an
extent that one is sometimes startled on sitting down on
them after dusk to find them quite too hot for the fiesh,

protected by only thin trousers, to bear. The thermometer
placed on them rises to 137° in the sun. These heated

surfaces, cooling from without by the evening air, contract

more externally than within, and the unyielding interior

forces off the outer parts to a distance of one or two feet.

Let anyone in a rocky place observe the fragments that

have been thus shot off, and he will find in the vicinity

pieces from a few ounces to one or two hundred pounds in

weight, which exactly fit the new surface of the original

block ; and he may hear in the evenings among the hills,

where soimd travels readily, the ringing echo of the report,

which the natives ascribe to Mchesi or evil spirits, and the

more enlightened to these natural causes." I

If changes of temperature can produce such effects on
the earth, they must act still more powerfully on the moon.
There, especially on the mountain-sides, large areas are

suililinli/ exposed to, or withdrawn from, the action of the

sun's rays. Moreover, the range of temperature, as we
have seen, is enormously greater. Thus, if the rocks which
compose the lunar mountains resemble even approximately

those which are found itpon the earth, there must evidently

be much fracturing and splintering ; level or inclined sur-

faces must in places be covered with loose fragments of

rock, while against the steeper hillsides slopes of loose

rocks, or "screes," must be piled up.

It appears to me that these screes, if they exist and are

perceptible, are the regions where signs of change should be

especially looked for. As fresh fragments fall down from
the crags above, the slopes of the screes increase until they

attain, or nearly attain, their maximum inclination. The
surface blocks are then in a highly unstable condition,

and every newly-fallen rock showers down numbers of

others all round it before it finally comes to rest.

Thus, if screes are found at all upon the moon, they will

continually increase in size until they mask the parent

cliff. So far as we know, there is little to check their

rate of growth, except that growtli itself, which gradually

lessens the area from which new blocks are to be derived.

The blocks themselves may splinter still further until the

spaces between them are filled up with small fragments

and dust, and this may perhaps retard their movement

;

but there can be no vegetation to find a root in this soil

and so bind the surface stones together.

While changes of temperature furnish the materials of

screes, and gravity rearranges them, these two agencies in

concert are capable of producing a further movement of

*" The Moon: considered as a Planet, a World, and a Satellite,"

1883, pp 172-171.

t "'The Zambesi and its Tributarie>, "

pp. 4Ui, tll3.





J.SV3

5 S

= 9

- o

WHS
O -•

O ""*

u _• «r

-<;

f^

1S3M



DECEirSER 1, 1896.] KNOWLEDGE. 279

the blocks, to which it is my principal object in this paper

to draw attention.

A little more than forty years ago, part of the lead on
the roof of Bristol Cathedral was found to have crept

slowly downwards, the total descent being about a foot and
a half in two years. Soon afterwards the now well-known
explanation of the movement was given by Canon
Moseley. When the lead is heated it expands, but it is

easier to move down the slope than up it ; so that, while

some of the lead at the top of the sheet moves upwards, a

far larger part moves down. When the lead is cooled it

contracts
;
part near the lower edge moves up the slope,

but a far larger upper portion moves downwards. Thus, on
the whole, with every change of temperature to and fro, the

whole sheet of lead makes a short creep down the slope.

In this case, since the sheet lead is thin, the movement
is principally due to the fact that the lead and wooden
surface on which it rests have unequal coefficients of

expansion. If they had been of the same material the

creep would have been almost imperceptible. When,
however, one stone rests upon another of the same kind,

the two are unequally heated on account of the small

conductivity of rock, and the ultimate result is the same.
A few years ago I made some experiments on the creep-

ing of stones arising from changes of temperature.* In

the first, one brick was placed on another inclined to the

horizon at an angle of twenty degrees. On the upper
edge of the upper brick, and on another independent brick

support, a level was placed with the bubble in the centre

of the tube. The level was read frequently, and it was
found that while the upper end rose slightly during the day,

it descended by a greater amount during the night, so that

at the same time each day it stood at a lower level. This
experiment showed that the stone did creep in the manner
supposed by Moseley, though it gave no idea of the extent

of the movement, as the angular value of the scale-

divisions of the level was undetermined.
The object of a second experiment was to ascertain how

far a stone would creep in a year under given conditions.

I had two slabs of York stone cut, each three feet long,

five inches wide, and two inches thick. One face and one
side of each stone were smoothed, and the stones were
placed with their smoothed surfaces in contact, and
inclined at an angle of seventeen degrees to the horizon.

The smoothed sides of the two stones were continuous and
three fine scratches were made on them, in the middle
and at each end, so as to be at starting in the same
straight lines. At the end of a week the displacement of

the upper stone, though exceedingly slight, was quite

perceptible, and it continued so throughout the year, the

total creep in this interval being thirteen and one-sixth

millimetres, or a little over half an inch.

So small a movement may be considered hardly worth
taking into account. But it must be remembered that it

affects every stone free to move and resting on an inclined

surface. Moreover, the creep is proportional to the length

of the stone and to the range of temperature to which it is

subjected, and the length of the lunar compared with that

of the terrestrial night, is probably more than counter-

balanced by the magnitude of this range.

If changes in the manner hero described do take place

upon the moon, it is evident that they must be exceedingly
gradual. Years must elapse before they become per-

ceptible to us ; but as the changes would take place always
in one direction, it seems not impossible that a careful

scrutiny of a few selected districts would in time reveal

their existence.

• " Note oil tlic Movement of Sci-eo Material," Quart. Joiirii. Qeol.
Soc, 1888, pp. 232-237, 825, 82R.

THE LUNAR METROPOLIS.
By E. Walter Maunder, F.E.A.S.

THE lunar photograph we give this month is from
the same negative as that which appeared in the

October Number of Knowledge, and forms a con-

tinuation of it ; indeed, it overlaps it to a small

extent. It likewise shghtly overlaps at the ter-

minator the photograph given in our April Number of

Cuvier and Licetus. The general characteristics of the

district are the same as around Clavius. If anything, the

complexity of detail and the intricacy of overlapping

formations is greater in the region now presented than in

the one shown in October.

The interest of the district centres m Tycho, not on

account of its size, though this is very considerable, as it

is over fifty-four miles in diameter—almost as large as

Copernicus ; but whereas Copernicus is so placed as to

have attention drawn to it, Tycho is dwarfed by many of

the neighbouring objects, such as Clavius, Longomoutanus,
and Maginus, shown in our October photograph, and the

extraordinary complexity of the region surrounding it

takes oil' the due effect of its proportions.

It is important, however, as being in the very centre of

the most disturbed region of the moon—a land of the

wildest and most rugged character, and sown so thickly

with crater pits and bowl-like depressions that it is hard

to refrain from adopting the hypothesis of some theorists,

that the moon, when in a plastic state, has been subjected

to a fierce bombardment by great meteorites, who have
left the tokens of their assault in these thickly clustered

scars upon its surface.

The great claim, however, of Tycho to distinction—the

circumstance which has won for it th§ apt title of the
" Lunar Metropolis "—is the streak system which radiates

from it in all directions. This system— the most strikmg

feature of the moon at full— is, of course, not visible in our

present photograph, which shows the moon at her third

(

^Vf©®^
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quarter. On the photograph, therefore, the broad and
lofty rampart, deep floor, and bold central peak of Tycho
are the features that most ilistinguisb it.

The other walled and ringed plains shown in our photo-

graph arc far too numerous to describe in detail, and,

indeed, the pliotograph itself will yield more information

than could be given by much writing. Longomontauus
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and ]\[aginus, of the October plate, are seen in tliis- the

first, partly; the seconcl, wholly, lleinsius, to the oast of

Tycho, is very easily identified from the remarkable way in

which throe great parasite ring plains have invaded and
destroyed its southern wall. On the opposite side of Tycho
is Pictet, a walled plain as irregular as Heinsius is regular

;

beyond it, the regular ringed plain, Saussure. West of

Saussure, the photograph shows beautifully a mountain
range which makes on this side, as it were, a second ram-
part to the plain. Three ringed plains follow to the north.

In the last of these. Miller, the central mountain, which
almost exactly marks the prime meridian of the moon,
still just rises above the shadow of the eastern wall.

Further north is Walter, the largest walled plain of the

district, one hundred miles in diameter. The region to

the east contains several very regular objects : Lexell, a

regular walled plain ; lialland Hell, two ringed plains with

five central mountains, well shown in the photograph.

Walter, Lexell, Ball, and Eegiomontanus, the latter an
irregular walled plain on the edge of the photograph, border

a considerable area less broken than most of this district.

In this more open country Hell is the principal formation.

East of Hell is I'itatus, a great walled plain, which,

with its companion Hesiodus, end in this direction the

highlands of Tycho. Beyond them, to the north, lies the

great grey plain, the Mare Nubium, the waters of which -
if, indeed, it ever contained water—seem to have eroded

part of the northern wall of Pitatus, and to have lowered

that of its companion.

The terminator is occupied, proceeding from the south

to the north, by Licetus, Faraday and Stofler, and Alia-

censis, the great wall of which shines out in a fine arch at

the foot of the plate.

It has been recently discovered that iodine exists in

combination in the human body. It occurs in the thyroid

gland, and may be concerned as the essential chemical

substance in the internal secretion of the gland. The
proof of the occurrence of iodine in the living structures

of animals is of great scientific interest and importance,

and is the most remarkable discovery made by chemical

physiology for some time.

The annual production of gold from all the various

sources is at present about £42,000,000. This is twice

the amount produced seven years ago. It is greater than

at any previous period in the history of the world, the

next greatest annual output being that of the year 1853,

when the river gravels of California and Australia were

in their most productive state. The amount extracted

in the year was then estimated at £'38,000,000. More
than half of the total yearly amount is now got by the

amalgamation process from crushed vein stuff.—,-•-,

—

Through the courtesy of Messrs. Beck, we have been

able to examine and practically test their new Frena

Camera of the memorandum size. This is an excellent

little instrument, and is capable of producing good work.

It is simple and efi'ective in mechanism, and should prove

very useful to amateurs, especially as its price is a popular

one. The serrated edges of the celluloid films are a dis-

advantage, as on this account a considerable portion of

the picture is lost. On the other hand, by this means the

process of changing the films is greatly simplified.
> ^«

An X-ray tube has lately been brought out by Messrs.

Watson with greatly increased distance between the

terminal attachments outside, and having also a palladium

ring as anode placed above a platinum anticathode, the

principle of which is that, when warmed, this palladium
ring gives up some of its occluded hydrogen. In this way,
when the vacuum gets too high it is possible to bring it

down again at will. We have had one of these tubes in

daily use for the last fortnight, a ton-inch spark coil baing

used. The vacuum has not perceptibly altered, and we
have not, as yet, had occasion to warm it. It can only
be supposed that the palladium ring has given up some
hydrogen without warming. The results attained with a

screen are particularly good. But in case waruung should

be necessary, the tube, as now arranged, would have to be
disconnected to carry this out. To avoid this it might be

suggested that the ring might be done away with, and
instead that a small bulb be attached to the exhaust tube

containing a smnll quantity of spongy palladium (which
occludes about two hundred times its volume of hydrogen).

The vacuum could then be adjusted while the tube was in

action. , .

,

Investigations have been made by different observers to

determine whether the Koutgen rays are homogeneous or

not. The methods employed consisted in testing whether
substances placed in the path of the rays exhibited selective

absorption, and distinct indications of this were found,

showing that R(iatgen rays are not all of one kind, but
that the efl'ects are produced by radiations of different

wave-length. Dr. Famm, by means of diffraction experi-

ments, has found that the greatest wave-length of the

Rontgen radiation is about one-fifteenth that of the shortest

ultra-violet waves hitherto measured. Herr Arnold finds

that the Rontgen rays can be applied to detect adulteration

in various articles of food ; the foreign substances added
frequently greatly altering the transparency of the article

tested, and thus changing the character of the shadow
picture thrown on a Huorescent screen.

In France, where so much has been done by M. Moissan
in the way of the production of small artificial diamonds by
means of his electric furnace, a recent observer, M. Rossel,

has detected the presence of small diamonds in certain

specimens of hard steel. By suitable treatment, insoluble

fragments were got from the steel which possessed all the

properties of natural diamonds. M. Moissan's method of

preparing artificial diamonds consists in saturating iron

with carbon at a high temperature in the electric furnace,

and cooling the fused metal under a high pressure. The
carbon present thus assumes the crystalline form of

diamond. In M. Rossel's specimens the steel had been
subjected to a similar treatment in the course of its manu-
facture, and the diamond crystals were produced from the

carbon always present in steel and cast-iron.

The most ancient copper mines in the world are those

of the Sinai peninsula, near the Gulf of Suez. M.
Berthelot gave an account of them to the French Academy
of Sciences in August. They were abandoned about three

thousand years ago, after having been worked for some
hundreds of years. The process used for the reduction of

the ore was similar in principle to that used at the present

day. —«-.

—

In the recent researches on light and ethereal vibrations

of all sorts, the interesting fact has been discovered that

the light emitted by glow-worms is able to penetrate

blackened paper, and affects a sensitive photographic plate

placed underneath. —-^—
Messrs. Newton ct Co. have just issued a new list of

some very useful series of lantern slides. Amongst others

may be noticed the series on astronomy taken from photo-

graphs which have appeared in Knowledce, a series on
British birds' nests, and another on the X-ray photography.
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WAVES.-XII.
EAETHQUAKES, THE PULSE, NEKVE WAVES,

AND TELEPATHY.

By Vauohan Cornish, M.Sc.

THE earth trembles with the shock of displacements

which occur from time to time in those superficiil

parts which are termed the earth's crust. These
displacements are the bending, crumpUng, crack-

ing, or slipping of the rocks, and, occasionally,

volcanic outbursts or upheavals. The most general de-

scription of the original disturbance is a wrench : that is to

say, a single movement which may be analysed into two
components, a pull and a twist, or a shear. Most earth-

quakes originate at a depth which is rather great compared
with the depths of mines, but very small compared with

the diameter of the earth. The vibration which they

produce at the surface is generally that corresponding to

a wrench. The movement which goes on between the

origin and the surface is probably, as in other cases of

transmission by waves, different from the disturbances

where the wave is set up, and where it ends. A wrench
both compresses and distorts the rock, and two waves
appear to be set up—a wave of compression and a wave
of distortion—which travel with different velocities. The
elasticity of volume of the rock—the force with which it

tends to recover elastically from compression—enables the

solid earth to transmit a wave of longitudinal displace-

ment, which is similar in character to the sound-producing

waves which are elastically transmitted in fluids. The
rigidity of rock, the force with which it elastically recovers

its shape after distortion, enables the solid earth to trans-

mit a wave of transverse displacement, which may be

compared to the light-producing waves transmitted by the

ether. When these two waves break simultaneously at

the earth's surface, the shock (as has been said) may
resemble the complex disturbance which originated the

waves ; but if one wave travel quicker than the other, the

character of the surface disturbance at its commencement
may be simpler. In practice it is found that when the

origin of the earthquake is at a great distance the pre-

liminary tremors precede the main shock by a considerable

interval, which indicates that some part of the disturbance

travels more quickly than the rest.

The interval which elapses between a shock at the sur-

face near the origin and its arrival at a point near the

antipodes is often so short that, according to Prof.

Milne, the wave cannot have had time to travel round the

earth by transmission through the superficial layers of

rock, having regard to the rate at which these are known
to transmit wave motion. It appears, therefore, that the

seismic wave can be transmitted right through the earth.

Delicate seismographs show an almost continual trembling

and quivering of the earth's surface, the tremors at any

point being generally due to local causes, but occasionally

caused by distant shocks. The surface of the earth, being

the boundary of the transmitting medium, experiences

a maximum amount of disturbance. The famihar ex-

periment with a row of glass marbles illustrates this

point. If a shock be given at one end of the row, it is

the marble at the opposite end of the row which moves

most, the intermediate marbles transmitting the shock but

moving scarcely at all. At the boundary of the trans-

mitting medium a wave hn-ahs, and the energy takes on a

new and violent form. Thus is the shore battered by the

sea, and thus is the earth heated by the breaking of the

ether waves sent to us by the sun.

The " speed of an earthquake," like the speed of

electricity, is a term which may have several different

meanings. The most important speed from a practical

point of view is the quickness with which the shock
reaches successive points throughout a country exposed

to the visitation. This is a variable velocity which
depends not only upon the speed of the earthquake wave,
but also upon the position of the origin. If the wave
radiates in circles from the origin, and if the circles in

Fig. 1 represent the wave front at successive minutes.

then the positions <i, b, c, d, etc., are the points on the

earth's surface where the shock is felt at the successive

minutes. It is seen at a glance that the apparent surface

speed of the earthquake is much greater nearly above the

origin, and that at a distance it tends to reach a constant

value which is nearly that of the true rate of the wave.
If, however, as is probable, increase of pressure so much
increases the elasticity of rock that the speed of the wave
is greater at greater depths, the wave front will not be

spherical, and the " rays " drawn from the origin at right

angles to the wave front will not be straight lines, but

wUl be curved towards the surface, as Dr. A. Schmidt has

pointed out. ' The effect upon the surface speed is shown
in Fig. 2 ; it first diminishes rather rapidly until it

reaches a velocity equal to that of the wave at the origin,

but afterwards increases gradually. The progressive

visitation of the localities a, /«, c, d, etc., as shown in

these figures, is not the travel of a surface wave but the

arrival of an obliquely-moving breaker. The disturbance

of level which is produced by the breaking earth-waves

does, however, set up a true surface wave, the ground

undulating much as the surface of water will undulate

if a submarine mine be exploded. The surface earth

wave is said to be a gravitation wave : that is to say, one

which travels by the attraction which subsists between

the disturbed parts and the remainder of the globe. The
amplitude of the surface earth wave is very small. Seismic

sea waves, on the contrary, are often of terrific height.

In these the surface wave is often due more to ruptural

displacement of the sea bottom than to mere oscillatory

j

movement. The great sea waves which traversed the

southern oceans during the convulsions at Erakatoa were

presumably due to such displacement.

j» .
-;;• . ->

The pulse is produced by a peculiar wave which demands

* See Nature, October iUli, 169S.
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a brief mention in this concluding article. To fix our
ideas we will suppose that we are dealing with the familiar
artery which gives the pulse of the wrist. At each boat
of the heart, blood is pumped into the near end of the
artery and the valve is quickly shut. Very quickly after-

wards an extra quantity of blood is forced from the artery
into the veins and capillaries. This is not the particular
dose of tluid which has just entered the artery, but a
discharge from the other end of the stream, where a pulse
is felt almost immediately after the throb of the heart.
The push, or impulse, is transmitted from point to

point along the artery, not as hydrostatic pressure is

transmitted by an incompressible fluid, but after the
manner of a wave. For the blood is not enclosed
in a rigid pipe, but in a flexible tube, so that,
although the tluid does not yield to pressure, the tube
does, and the end nearest the heart expands to accommo-
date the extra dose of fluid. Expansion of the tube is,

however, followed by contraction, for the tube is elastic

though yielding. The next portion of the tube then
expands, and so on, a billow travelling down the artery.

When the billow reaches the wrist it can be both seen and

FiQ. 3.— Pulse Tnuing of Diseased Heart.

felt. It has passed the wrist before the next dose of fluid

IS delivered from the heart, so that only one billow is ever
traversing the artery. The profile of the billow is recorded
in an exaggerated manner upon the well-known pulse
tracings. These provide a permanent record of the con-
dition of a patient's pulse which is convenient for reference.

Each of the pulse tracings shown in Figs. 3 and 4 records a
number of beats ; the wave is travelling to the right ; from
trough to trough is a complete pulsation.*****
The brain is kept in touch with the external world by

some kind of wave motion, the mechanism by which the
sensory nerves transmit their message. The velocity of

the wave, which is always considerable, varies to some
extent in different people, as one would naturally expect.

Responding to the wave of feeling, transmitted by the
sensory nerves, is the wave of will, whereby the motor
nerves transmit to the muscles the message of the brain.

Fia. 4.—Pulse Tracing of Fairly Normal Heart.

Whether mind can act upon mind, otherwise than by
means of the ordinary senses, is a much debated question.

Some aspects of this question of telepathy come within the
proper scope of physical science. It comes within the
province of physical science, for instance, to inquire

into the possible extra-sensual means of action of one
brain upon another. Space is filled with a medium,
known to science, which has a wonderful power of

transmitting very various disturbances without loss and
with great swiftness, and one would naturally inquire first

whether the known modes of motion of ether are such as

might account for telepathic phenomena, on the supposition

that the active brain is capable of disturbing the ether.

Now one of the most remarkable points about the narratives
of, say, phantasms of the dying, is that the intensity of

the recorded impressions scarcely diminishes with distance,

even though the distances vary from one mile to eight

thousand miles. Waves rndiiiiinij from the brain will

therefore not explain the recorded phenomena, for even if

the motion be transmitted without loss, the expansion of

the wave front would rapidly diminish the intensity.

Nothing else than a motion or disturbance confined to a
channel will do, as happens, for instance, in the dis-

turbance and reproduction of disturbance between the
sending and receiving parts of a telephone. These are

connected by the telephonic wire. I am not aware
that anything has been found corresponding to a tele-

pathetic wire.
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THE BEECH.
By George Paxton.

THE beech {Fra.vinus excelsior) is a magnificent
tree, which vies with the oak, in some respects,

for the proud title, " King of the Forest."

Although not " every inch a king," he may be

styled a noble forest prince.

The beech is only a doubtful native of England, and
is not indigenous to Scotland or Ireland, although now so

common in these islands. It is found in forests in Central

and Southern Europe, Asia, North and South America,
and even in Australia. In Switzerland it occupies the

south sides of the mountains, and it is the national tree of

Denmark. In Britain it grows to a large size, occasionally

attaining a height of one hundred and twenty feet, but

is oftener seen from sixty to eighty feet, with a girth of

twelve to sixteen feet. Fig. 1 represents a beech growing
on the banks of the Kiver Ayr. This tree has a girth of

over eighteen feet at five feet from the ground, with a

height of about ninety feet.
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The leaves, which appear in the beginning of May, are

shining, oval, veined underneath, and slightly notched

Fio. 1.—A BeecU Tree growiug on the Banks of the River Ayr.

(Fig. 2). In spring they are of a pale green tint, turning

darker as they increase in size, and in autumn they assume

a beautiful russet hue ; then, as Dr. E. Lees so eloquently

puts it, " the splendour of every other tree fades before

that of the beech, which continues the longest of all, and

under particular circumstances is of the most brilliant

description. This arises from its lucid leaves, which vary

in hue from auburn to gold colour and umber, reflecting

back the level rays of the descending sun, and thus burning

with a pre-eminent lustre, like a sudden illumination."

The flowers appear soon after the leaves and take the

form of globular clusters, the male on longer and more

Blender drooping stalks than the female. The fruit—the

well-known brown nuts— are of a sharply triangular shape

and enclosed in pairs in a prickly husk. They ripen in

October ; the husk, opening in four sections, allows the nut

to drop out while it remains for a time attached to the

tree.

The beautiful smooth olive-grey bark, although not

glossy like that of the birch, gives the bole of the beech a

peculiar charm of its own. This is best seen when strolling

through a beech wood on a bright winter day ; the pale

fluted trunks, which stretch on all sides as far as the eye

can reach, appear as if carved in stone, like the lofty

columns of some grand cathedral, but infinitely more varied,

while the sun lights up the stems and shows ofl" their

beauty. On these trunks may often be seen scattered

excrescences, called "knurs,'' varying in size from a pea to a

large marble ; they may be knocked off by a sharp blow

with a stick, and are found to be composed of a solid ball of

wood, surrounded by a layer of bark. What causes these

knobs does not seem to be well known ; they are said to

grow if planted, and are sometimes seen shooting while

attached to the tree.

The wood of the beech is used for an immense variety

of purposes. It is heavier when green than that of any

other of our timber trees, but loses nearly one quarter of

its total weight in drying ; it is tolerably hard and some-

what brittle, close and even in texture, with a fine silky

grain and not difticult to work. Although not very lasting

when exposed to the air, if kept submerged it lasts weU,

and is therefore in use for keels and planking of boats, mill

wheels, sluices, etc. Tiirners find it useful wood, as do

cabinetmakers. As a fuel it is superior to the wood of

most other trees, and from its charcoal gunpowder is

manufactured. The branches and sprays are distilled for

the production of pyroligneous acid.

Fio. 2.—Braiuh, Leaves, and Fruit of the Beech.

The " mast," once so valuable a source of rustic wealth,

is still the favourite food of swine, deer, and poultry ; and
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in France large quantities of an excellent burning and
cooking oil are made from the nuts.

Little or no vegetation will flourish under beech trees
;

the carpet of dried and decaying leaves and husks will bo
found much the same all the year round, seldom enlivened
by anything grcon. This is the result of the dense shade,
and the light, dry nature of the soil in which the tree
delights, being drained yet more ihoroughly by the closely
matted roots spread near the surface. Two remarkable
edible fungi, however, grow well under beech trees : these
are the morel and the trutlle. Both arc much sought after
in France and Clermany, being highly prized for the table.

Several interesting varieties of the beech are in culti-

vation. The best known are the purple beech—originally
discovered in a wood in Germany—the copper-coloured
beech, and the fern-leaved beech, which has its leaves cut
almost like a fern.

HELIUM AND PARHELIUM.
By E. Walter Maunder, F.R.A.S.

N the April Number of Knowledge an account was
given of the very beautiful researches which led

I
Profs. Eunge and Paschen to the belief that

the gas which Prof. Ramsay had extracted from
cleveite was not a simple substance but a mixture of

two distinct elements. The force of their conclusion may
be better appreciated if we glance at the adjoining

diagrams, wherein the spectrum of cluveite gas is analyzed
in the same manner as the spectra of lithium and sodium
were in the earlier paper." In the first diagram the

* The formulfe employetl by Profs. Runge and Paschen, Astro-
physical Journal, January, 1896, for the six series of the cleTeite gas

are as follows :
—

Helium :

—

Principal .. ^= 38455:i2-4.

SuborJinate I. ^= 2922435

II. \= 2919796-7

Parheliuni :

—

Principal .. ^= 3202986

Subordinate I. ^ = 2717516

11. ' = 2716859-5

ro98919x

1-098363 X

1-061524 X

1 095 37 X
'

1-097587 X

— 1-4507 X

— 1-67 X

— y'656 X -

-I- 1 9636 X

— 2-726 X

1-088256 X-,. — 3-596 x

It "ill be noticed that the third power of » is used instead of the
fourth, as iu the formula pixen on page 88. Probably tlie exact
formula would contain an indefinite number of terms, with increasing
powers of n.

The lines in the two spectra are as follows, the wave lengths
being given in tenth-metres, the wave numbers in oscillation

frequencies to the metre ;

—

w
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the principal series 1696019, almost exactly the difference

of the two. If we turn now to the cleveite gases we find

the limits of the two principal series to be 3202986 and
3845532, and the limits of the two pairs of subordinate

series 2717188 and 2921116. If we take the difference

of the first and third of these numbers, and also of the

second and fourth, we have 485798 and 92441G approsi-

matLag closely to the wave numbers of the first lines in

the two principal series. But to take together the first

and fourth, and the second and third, would give us wave
numbers not represented in the cleveite spectrum at all.

These two leader lines were not discovered until after

the six series had been identified. Photography had shown
the ordered clusters of lines far in the unseen regions of

the ultra-violet, and the sequences so detected evidently had

their initial members deep m the equally invisible regions of

the infra-red. As the diagrams show, and as the formulae

require, the lines in the \'iolet are crowded together
;
pro-

ceeding towards the red the intervals become very wide.

Hence there is no danger in the region of long wave
lengths of confusing a Une of one series for one of another.

The lines here are few, widely separated, and very intense.

elements, had been arrived at considerably earlier by
several astronomers from quite different grounds. Prof.

Norman Lockyer had been supplied with a heUum tube

by Prof. Ramsay immediately the latter had made his

discovery, and Mr. Lockyer soon provided himself with

other tubes fiUed with gas from broggerite and urantnite.

Then, as he set to work on the examination of the spectrum

of the new gas, he found Une after Une to correspond with

lines of unknown origin in the spectrum of the solar

chromosphere, and of certain stars and nebulae, tiU he

concluded that " this gas is really the origin of most,

but certainly not of all, of the unknown iines which
have been teasing astronomical workers for the last

quarter of a century."*

But the chromospheric Unes thus identified fell into two

very different categories. Of the six strongest lines of the

cli'veite gas spectrum, three, viz., A 7066, 5876 (D,), and
4472, are given the frequency number 100 in Young's
table of the chromospheric lines ; whilst those at X 6678,

5016, and 4922 have the numbers respectively 25, 80,

and 80. Prof. Lockyer, therefore, from the first ex-

pressed his opinion that the cleveite gas was not a

6 7 S f \ / 2 3 At <i 7 a 9 I 2J1-I 6 7 8 9 13.31^6189
1,10' ZxlO^

mil
Jx/o«

PAR HELIUM^

Su Ire t'ti'nair

HELIUM

Sane*

1 M"
tOGOO 8<>C3 J^o

I

llv/Ta-Jl«a
^J

J^.d O'-anffc ye»o«'<»'.<«Si<" VIol.f VUra-VoJ.t

So when Profs. Runge and Paschen, following the formulse

which the ultra-violet lines had given, found that ii = 2 for

the principal series of "helium'' and of " parhelium

"

would indicate a line in each case far below the limits of

visibility in the red, and on searching with the bolometer

found each line close to its predicted place, bright, strong,

and intense, there was no ambiguity about the result.

The actual spectra corresponded to the theoretical, and

were complete from their rise far in the obscure regions of

the infra-red, tiU they died away in the darkness which

lies on the other side of the visible spectrum. One point

which the diagrams fail to indicate is of great significance,

viz., the way in which the brightness of the lines in any

particular series diminishes as the violet end of the

spectrum is approached. The smaller the value of n the

brighter the line. Then, too, the princii)al series is Une

for line brighter than either of the secondary series ; whilst

in the particular case of the cK-veite gas the various lines

of the "helium" spectra are brighter than the corre-

sponding lines of the " parhelium ' spectra.

The belief which the two great German physicists had
thus reached, that the cleveite gas was a mixture of two

simple one but a mixture,! and M. Deslandres was

scarcely behind him in arriving quite independently at

the same conclusion.

It will be observed that the division which solar

physicists were led to make was precisely the same as

that which Profs. Runge and Paschen had reached by

so different a method. Those Unes of cleveite gas which

Young found "always visible " in the chromosphere are

all helium lines, the Unes " sometimes visible " are aU

parhelium lines.

The evidence of stars and nebuhi^, so far as it goes,

tends to support the same division. Perhaps the strongest

instance is afl'orded us by the early spectrum of Nova

AurigiB. Here, lines \ 5016 and 4922 (both parhelium

Unes) shone out with great distinctness, whilst the helium

• LockTcr, "The Story of Helium."

p .•?45.

ynture, Vol. LIII , No. 1372,

t Loi-kvcr, ' On tlio Now Gas obtaiiu'il from I'raiiinito ;
" Socond

Xoto P'roc. Tfo.v"' Siicirlv. Vol. I. VIII., No. 34!», p. 113

X Deslar.dros, " Coniparaison eutrc lea Spectres dii Oai de la

C'ltSveite et dc rAtnio.ipliiTe Solairc." Comples SfHjns, Tome CXX.,

p. 1112.
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lines were weak. On the other hand, the spectra of

nebulir, rich in lines of origin unknown until idontified

with those of the clcveite gases, appear to give all the
lines of helium within the region thoroughly explored,
but only some of its companion element.
The striking peculiarity of the ])., line, that it is not

ordinarily seen dark in the spectrum of the solar disc, is

shared by the other lines whose origin has been revealed
to us by Prof, llamsay's discovery. We might reason-
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lines. Now, as mentioned in the April paper, any sub-
ordinate series of double lines will have a constant dififer-

ence in wave number between tbe two members of each
doublet, a difiference equal to that given by tbe first

doublet of tbe principal series. This for helium is 100-7,
far too small to be shown on the chart. With the alkaline

elements the distance apart of the doublets is roughly
proportional to the square of the atomic weight. This
would give helium an atomic weight between 5-2 and 5-7

;

parhelium would necessarily be lighter—a view Lockyer
challenges, but which would seem borne out by the
position of its spectrum, which as a whole lies slightly

on the more refrangible side of that of hydrogen ; helium
lying further in the same direction, and lithium, the next
lightest element, further still.

THE FACE OF THE SKY FOR DECEMBER.
By Hekbert Sadler, F.R.A.S.

SUN
SPOTS are increasing in number and magnitude.

Conveniently observable minima of Algol occur

at llh. 15m. p.m. on the 3rd, 8h. 4m. p.m. on the

6th, 9h. 46m. p.m. on the 26th, and 6h. 35m. p.m.

on the 29th.
Mercury is an evening star towards the end of the

month, but his great southern declination will prevent any
useful observations in these latitudes.

Venus is also an evening star, but with great southern
declination ; still she may possibly be observed towards the

end of the month. On the 16th she sets at 6h. 55m. p.m.,

or more than three hours after sunset, with a southern
declination of 21^ 11' (at noon), and an apparent diameter
of 15", just three-quarters of the disc being illuminated.

On the 23rd she sets at 7h. 17m. p.m., or nearly three and
a half hours after sunset, with a southern declination of
18° 52', and an apparent diameter of loh". On the 31st
she sets at 7h. 41m. p.m., with a southern declination of
15° 45', and an apparent diameter of 16|^", x'ot'^s of the

disc being illuminated. During the latter half of December
she describes a direct path through Capricornus.

Mars is an evening star, and is very well situated for

observation, coming into opposition with the Sun on the

11th. On the 1st he rises at 4h. 12m. p.m., or twenty
minutes after sunset, with a northern declination of
25° 31', and an apparent diameter of 17J". On the 9th
he rises at 3h. 27m. p.m., with a northern declination of
25° 89', and an apparent diameter of 17". On the 16th
he rises at 2h. 48m. p.m., with a northern declination of

25° 39', and an apparent diameter of 16j '. On the

23rd he rises at 2h. 10m. p.m., with a northern declination

of 25 33', and an apparent diameter of 16". On the 30th
he rises at Ih. 36m. p.m., and souths at lOh. 7m. p.m.,

with a northern declination of 25° 25', and an apparent
diameter of It During the month be describes a

retrograde path in Taurus.
.Jupiter is an evening star, and becomes well situated for

observation towards the end of the month. On the 23rd
he rises at 9h. 47m. p.m., with a northern declination of
8° 46', and an apparent equatorial diameter of 45j' • On
the 30th he rises at Oh. 19m. p.m., with a northern
declination of 8° 4!»'. He is almost stationary in Leo
during the month. Both Saturn and Uranus are, for the

observer's purposes, invisible.

Neptune is an evening star, rising on the 1st at 4h. 24m.
P.M., with a northern declination of 21° 34', and an
apparent diameter of 27 ". On the 30th he rises at

2h. 27m. P.M. He is in opposition on the 22nd, and
describes a very short direct path in Leo during tbe month.
December is a fairly favourable month for shooting

stars, the chief showers being those of the Geminids on

December 9th to 12th, the radiant point being in K.A.

7h., and north declination 32 , rising about 4h. 10m.
P.M., and setting at Ih. 40m. a.m. ; and of the Andromedes,
occurring on the evenings of the 26th and 27th, the radiant

point being in lb. 40m. E.A. and north declination 43.
The Moon is new at 5h. 51m. p.m. on the 4th ; enters

her first quarter at Oh. 29m. a.m. on the 12th ; is full

at 4h. 5m. a.m. on the 20th ; and enters her last quarter

at Oh. 9m. p.m. on the 27th.

C!)tss Column.
By C. D. LococK, B.A.Oxon.

Communicationa for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

tbe 10th of each month.

Solutions of November Problems.

(E. Henry.)
No. 1.

1. B to B4, and mates next move.
No. 2.

1. Kt to Kt7, and mates next move.
Correct Solutions of both problems received from

G. G. Beazley, H. Le Jenne, Alpha, H. S. Brandreth,

J. M'Robert, G. J. Newbegin, W. D. F. Edwards, G. H.
Herbert, Miss Attwood, E. C. WUlis, G. A. F. (Brentwood),

A. E. Whitehouse, .J. T. Blakemore, W. H. Stead, W.
Clugston, J. E. Simpson, A Norseman, A. S. Coulter,

E. W. Brook, L. Pfungst, H. W. Elcum, A. C. Tappenden,
H. F. Biggs.

Of No. 1 only from Eev. F. W. Quilter, D.D.,

A. St. J. C, A. P. Hyatt.

A. P. Hyatt.—See answer to A. St. J. C. below.

Alpha.—The fact that this page has to reach the printer

by the middle of the previous month will account for the

defect.

Rev. F. W. Quilter.—After 1. B to QKt7, Black may
play anything safely except K to Q2. Probably, therefore,

you intended Kt to Kt7.

A. St. J. C.—If 1. B X P, B moves, there is no mate.
W. Mason.—By several moves of the Kt at B3 ; in fact,

too many.
]]'. Clu'jstoii.—Thanks for enclosures. Mr. Loyd's idea

wants working into a three-mover. Shall be glad to insert

your two-mover next month.
A. C. Tappemhn.— Yes ; we have heard it ascribed to

Mr. Loyd. It is very neat.

./. T. Blakemore.—Many thanks for the problems, which
are very acceptable. One is reserved for nest month.

PKOBLEMST^'
No. 1.

By J. T. Blakemore.
Black (7).

Whiti (111).

White mates in three moves.
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No. 2.

By Eugene Henry.

Black (.i).

m. my/ZA . sss^ssk

'M , WW;

WM.
White (IJ).

White mates in two moves.

CHESS INTELLIGENCE.

An attempt is being made to revive the meetings of the
Counties' Chess Association, which came to an end a few
years ago, chiefly in consequence of the estabhshment
of the British Chess Association. The latter in its turn
came to an untimely end, its place being partly filled by the
amateur tournament held at Craigside, Llandudno, twice
a year. It is in connection with this place of meeting
that the Counties' Association will be resuscitated, and it

is proposed to hold a " Counties and Craigside Tourna-
ment " early in 1897, under the joint management of
Messrs. Firth and Skipworth. It is not very clear from the
prospectus whether it is intended that all subsequent
meetings will be held at Craigside ; but, if this is the case,

we fail to see how the Counties' Association will be per-
forming the function suggested by its title. In past years
the Association changed its place of meeting from year to
year, and thus gave the leading provincial players a chance
in their turn of attending the meetings without travelling
long distances.

By the death of Mr. W. H. K. Pollock, at the age of
thirty-seven, Anglo-Canadian chess loses its leading repre-
sentative, and the British C/wss ]\Iai/<i:i)ti' an able con-
tributor.

Mr. Pollock made his first public appearance as a player
in the second class of the Counties' Chess Association about
fourteen years ago. On that occasion Mr. Pollock took
the first prize, without losing a single game, Mr. Locock
(who also made his d'-litU on this occasion) being second.
After this Mr. Pollock rapidly rose to the position of an
acknowledged expert, and was a regular attendant at the
meetings of the Counties' Association (to which he usually
went on foot) and other first-class tournaments, both
national and international. Though he never took a very
high place in these latter, he was always reckoned a
dangerous competitor ; witness his brilliant victories over
Steinitz and Tarrasch in the Hastings Tournament last

year.

Outside the chess world Mr. Pollock was a man of

educated tastes, a licentiate of the College of Surgeons,
and, like Mr. Blackburne, as fond of cricket as of chess.

This latter taste he acquired no doubt at Clifton College,

where he was educated for a short time, and afterwards

at Somersetshire College, Bath.

The Buda-Pesth International Tournament resulted in

a win for M. Tchigorin, after a tie with M. Charousek
;

this is M. Tchigorin's first absolute victory in an inter-

national tournament. The scores were :—Tchigorin and
Charousek, 8i ; II. N. Pillsbury, 71 ; .Janowski and
Schlechtor, 7 ; Wallbrodt and Winawer, (ij ; Dr. Tarrasch,
6 ; Albin and Maroczy, r,

; Marco, 4,\ ; Dr. Noa, 4
;

Popiel, 2.

M. Charousek more than sustained the reputation
achieved by him in the Nuremberg Tournament ; 1 lerr

Maroczy, on the other hand, showing a lamentable falling
off. Janowski's score should have been even better than
it was, as he threw away one or two points quite un-
necessarily. Winawer started well, but failed to maintain
his form. Dr. Tarrasch recovered a little from his
disastrous start, but comes out very low for the victor in

three successive international contests. The remainder
occupy their legitimate places.

The Lasker-Steinitz Match is again in progress, Mr.
Lasker being now, apparently, willing to play as often as
his old opponent likes. But if the first four games of the
present match, all lost by Steinitz, are any augury of the
final result, we imagine that these matches will at last

come to an end, and that Mr. Lasker will find an opponent
more nearly in the zenith of his play.

The bound Volume for 1896, with Index complete, will
be ready on the 7th December. The Index for the year
will be issued as usual in the January Number, which will

also contain an eight-page illustrated literary supplement.

Contents of No. 133.

The Giraffe at the Zoo. By Frank
E.Beddard, F.E.S

PAGE

2U
Parasitic Leaf-Fuugi, By Rev.
Alex. S. Wilson, M A., B.Sc.
(flhis*ra«fd)

Day-Flying Moths. By L. N.
Bade.iocli. (//lasfratrd}

The Spectroscopy of Argon. By
T. L. Alger, LL.D., Ph.D 2-t6

Alkali-Making by Electricity. By
C. P. Townseud, F.C.S

Observations de I'Eclipse Totale
du Soleil dn 16 Avril, 1893

A Very Extended Stream of Sun-
spots

Letters: — J. M. Wadmore

;

Walter Williams : Lawi-eiice
W. Tappenden. (Ilhisd-aM)...

Notices ot Books

Two Plates.—1. Female Giraffe at the
2. The Great Group of .Sunspots

242

2«

247

2-19

250

2.i0

251

Bird Migration in Gre.at Britain
and Ireland. — Report of the
Couiuuttee of the British Asso-
ciation. By Harry F. Witherby 254

Forecasting by Cm-ves. By Alex.
B. MacDowall, M.A. (JUus-
trated) 256

Some Curious Facts in Plant
Distribution.—V. By W. Bot-
ting Hemsley, F.E.S 2.57

The Leaf-Cutting Bee. By Francis
M.Duncan, (/lliistrated) 259

Waves.—XI. The Sea of Ether.
Bv Vaughan Cornish, M.Sc.
illhistrated) 259

The Liverpool Meeting of the
British Association 261

The FaceoftheSky for November.
By Herbert Sadler, F.E.A.S. ,. 2G3

Chess Column. By C. D. Locock,
B.A.Oxon 263

Zoological Society's Gardens, London,
of September 10th—22nd, 1896.

Extract from a Lectuee os " Foods," by Dr. Andrew
WiLSOji.—" The consumption of cocoa happily increases year by
year. I say ' happily,' because, as tea and coii'ee are not foods, wliile

cocoa is a true food, any increase in tlie national nutrition means an
increase in the national prosperity. Winter, besides, is close upon
us, and I advise those who are susceptible to colds to fortify tliera-

selves against cliill by attention to their food. The easiest way of

effecting this end for many is to substitute cocoa (Epps's being the

most nutritious) for tea and coffee."- {^Advt.^
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